





DEC 2 48 


"DICAL LIBRARY 


JOURNAL OF THE 
NATIONAL CANCER 
INSTITUTE 


CE 


CONTENTS 




















INVESTIGATIONS ON THE PROPERTIES OF AGENTS CAUSING FOWL TU- 
MORS. I. ATTEMPTS AT ISOLATION OF THE FOWL-TUMOR AGENT 
BY DIFFERENTIAL CENTRIFUGATION. L. Dmochowski..........e0eeee08 57 


INVESTIGATIONS ON THE PROPERTIES OF AGENTS CAUSING FOWL TU- 


MORS. II. ATTEMPTS AT ISOLATION OF THE FOWL-TUMOR AGENTS 
ps eg ny) ee ee ee Ee re entre 69 


INVESTIGATIONS ON THE PROPERTIES OF AGENTS CAUSING FOWL TU- 
MORS. III. ATTEMPTS AT DESICCATION OF THE FOWL-TUMOR 
AGENTS FREED FROM EXTRANEOUS PROTEINS. L. Dmochowski....... 73 


CARBAMATES IN THE CHEMOTHERAPY OF LEUKEMIA. II. THE RELA- 
TIONSHIP BETWEEN CHEMICAL STRUCTURE, LEUKOPENIC ACTION, 
AND ACUTE TOXICITY OF A GROUP OF URETHAN DERIVATIVES. 


Howard E. Skipper, Carl E. Bryan, William H. Riser, Jr., Margaret Welty, and Anne 


SI, 5 wen naaatek and ou ceawadeeNeuaees Oia taeus see eeeseenee 77 


FURTHER STUDIES ON THE RELATION OF THE MAMMARY-TUMOR AGENT 


TO MAMMARY TUMORS OF HYBRID MICE. Howard B. Andervont and 


I EE vin tiene sssedneueeeceesewedacadentasiee sasha suveunsteeeanres 89 


Contents continued on page 2 








VOLUME 9 October 1948 NUMBER 2 


FEDERAL SECURITY AGENCY 
Public Health Service 





CONTENTS—Continued 


THE INHERITANCE OF SUSCEPTIBILITY TO TUMORS INDUCED IN MICE. 
Ill. TUMORS INDUCED WITH METHYLCHOLANTHRENE IN THE BACK- 
CROSS OF C3H AND JK MICE. Walter J. Burdette 


THE EFFECT OF METHYLCHOLANTHRENE ON THE FROG’S KIDNEY. Hans 
G. Schlumberger 


DELAY IN THE APPEARANCE OF PALPABLE MAMMARY TUMORS IN C3H 
MICE FOLLOWING THE INGESTION OF POLLENIZED FOOD. William 


ACYLPYRUVASE ACTIVITY OF CERTAIN NORMAL AND NEOPLASTIC 
I, 6. vocnciccccocuctacescesebeseswessoonrnenses ee ee 


119 


125 








VOLU 


INVES 


In CO 
vious st 
ski and 
2), ex] 
tain ma 
ous pre 
propert 

Cone 
fraction 
ham an 
lard (6) 

In th 


of extra 


Were the 
Received 
From the 
london, N. 
*At prese 
thology at 


803: 












FEDERAL SECURITY AGENCY 
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INVESTIGATIONS ON THE 


CENTRIFUGATION !? 


INTRODUCTION 


In connection with the results obtained in pre- 
vious studies on fowl-tumor agents by Dmochow- 
ski and Knox (1) and by Foulds and Dmochowski 
(2), experiments were undertaken in order to ob- 
tain material free, as far as possible, from extrane- 
ous proteins, for investigations on the antigenic 
properties of the agents. 

Concentration of the Rous-tumor agent by 
fractional centrifugation was described by Leding- 
ham and Gye (3), MacIntosh (4), Amies (5), Pol- 
lard (6), Amies and Carr (7), and Claude (8, 9). 
In the present paper, differential centrifugation 
of extracts of Rous spindle-cell sarcoma and Fuji- 
ami myxosarcoma was combined with comple- 
ment-fixation with appropriate immune 
sera as a method of concentration. 





tests 


METHODS AND EXPERIMENTAL PROCEDURE 
PREPARATION OF TuMoR EXTRACTS 


Five to twenty grams of fresh (or a correspond- 
ing amount of dried) Rous or Fujinami tumor 
tissue, after twice-repeated freezing and thawing, 
was ground in an ice-cold mortar with sand and 
varying quantities of either physiologic saline or 
KCN-saline (0.85 percent NaCl, 50 cc.; phenol 
ed, 1 ec.; N/10 KCN, 2 ee.; N/10 HCl, 1.6 ee.), 
.CN-broth, KCN-saline-broth (in equal parts) 
0 give 2.5-10-percent extracts. These mixtures 
were then centrifuged for 20 minutes at 3,000 r. 
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PROPERTIES OF AGENTS CAUSING FOWL TUMORS. I. 
ATTEMPTS AT ISOLATION OF THE FOWL-TUMOR AGENTS BY DIFFERENTIAL 


By L. DmMocnowsk1 3 


p. m. to remove sand and larger particles. The 
supernatant fluid was filtered through a sand and 
paper-pulp filter under a negative pressure of 5- 
10 em. Hg. The sand and paper-pulp filtrates 
were used for centrifugation. 


CENTRIFUGATION 


Alternate high- and low-speed centrifugation 
on an Eeco No. II centrifuge, either alone or com- 
bined with Berkefeld N candles, was employed. 
The centrifugation procedure is shown in tables 
5-8. It was used with small variations in the 
time and speed of centrifugation throughout the 
experiments; at 15,000 r. p. m., the centrifugal 
force at the center of the four tubes of the centri- 
fuge was approximately 15,000 times gravity. 
Material obtained from various stages of centrif- 
ugation was employed in tests in vitro with rabbit 
immune sera and was also tested for tumor-induc- 
ing activity in fowls. 


Tests In VITRO 


Complement fixation was introduced because of 
its great sensitivity (Merrill (10)). 

Complement was obtained by bleeding several 
large guinea pigs from the heart under ether 
anesthesia. The titer of guinea-pig serum was 
tested before each experiment under conditions 
such as were to be employed in actual experiments. 
Into eight tubes were put 0.5, 0.6, 0.7, 0.75, 0.8, 0.85, 
0.87, and 0.9 ce. of 0.85-percent saline to render 
the volume comparable with that of the test. 
Then decreasing doses of the guinea-pig serum in 
dilution 1:20 were added. The doses were 0.5, 
0.4, 0.3, 0.25, 0.2, 0.15, 0.13, and 0.1 ce. Finally 

57 


0.5 ce. of sensitized sheep blood corpuscles was 
added, and the tubes were shaken. The highest 
dilution of serum giving complete hemolysis after 
30 minutes at 37° C. was taken as one hemolytic 
unit. Five hemolytic units were always used. 
The guinea-pig sera usually gave complete hemoly- 
sis at a dilution between 1:100 and 1:200. The 
complement was used in fixation tests in the 
amount of 0.25 of a 1:5 to 1:10 dilution. 
When the titer of the complement was less than 
1:100, the serum, being unsuitable, was not used. 

A 3-percent suspension of the thrice-washed 
sheep blood corpuscles in 0.85 percent saline was 
made for each experiment. Rabbit ambocepter 
was prepared by injecting rabbits intravenously 
with thrice-washed 3-percent sheep blood cor- 
puscles in doses of 1.0, 1.5, 2.0, and 3.5 ce. Seven 
days after the last injection, blood was taken and 
titrated. The ambocepter titer was tested under 
the same conditions as were used in the experi- 
ments. For the titration of the ambocepter, 10 
tubes were set up with the following decreasing 
doses of 0.85-percent saline: 0.85, 0.80, 0.70, 0.60, 
0.50, 0.40, 0.30, 0.20, 0.10, and 0.00 cc. Ambo- 
cepter in the dilution of 1:1,000 was added in 
increasing doses, 0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 
0.60, 0.70, 0.80, and 0.90 cc.; 0.1 ec. of 1:5 dilution 
of complement was put into each tube. Finally 
0.5 ce. of nonsensitized 3-percent suspension of 
sheep blood corpuscles was added. The tubes 
were shaken, put into the incubator at 37° C. for 
30 minutes, and read immediately afterwards. 
The highest dilution of ambocepter showing com- 
plete hemolysis was taken as one hemolytic unit. 
Five hemolytic units were always used. The 
rabbit sera usually gave complete hemolysis at a 
dilution between 1:8,000 and 1:10,000. The ambo- 
cepter, therefore, was used in the amount of 0.12 
to 0.10 cc. for sensitizing 100 ec. of 3-percent 
sheep blood corpuscles. The sensitized 3-percent 
suspension of sheep blood corpuscles was kept for 
10 minutes at room temperature before it was 
added to the tubes of the test. 


ec, 


IMMUNE SERA 


Two types of rabbit immune sera were employed 
in complement-fixation tests with material ob- 
tained from various stages of centrifugation: (1) 
Sera against Berkefeld filtrates of Rous tumor; 
and (2) sera against normal fowl proteins. 
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Anti-Rous Berkefeld immune sera were pre- 
pared as follows: 2.5-percent Rous-tumor saline 
extract, centrifuged at 3,000 r. p. m. for 20 minutes, 
filtered through sand and paper-pulp filter under 
5-10 em. Hg negative pressure and then through 
Berkefeld N candles, was injected into rabbits 
intravenously every second day in the following 
increasing amounts: 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 
7.0, and 8.0 ce. The animals were bled 7 days 
after the last injection. 

Blood obtained by cardiac puncture under 
anesthesia was allowed to clot in centrifuge tubes. 
After the clot had formed, it was separated, and 
the tubes were placed in an incubator at 37° C 
for half an hour. Then they were centrifuged, and 
the sera were removed and heated at 56° for 30 
minutes. After the addition of a few drops of 
chloroform, the sera were stored in the refrigerator 
at a temperature of about 4°. The sera were not 
anticomplementary. They were tested for com- 
plement fixation with Berkefeld filtrates of tumor- 
and normal-tissue extracts. 

Antinormal fowl protein sera were prepared as 
follows: For antifowl red cells sera, a 3-percent 
suspension of thrice-washed fowl blood corpuscles 
in 0.85 percent saline was injected into rabbit 
intravenously every other day in doses of 0.5, 1.0 
1.5, 2.0, 3.0, 3.5, 4.0, 4.5, 5.0, and 6.0 cc. Fo 
antifowl plasma sera, citrated fowl plasma wa: 
injected into rabbits intravenously every othe 
day in doses of 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, an 
8.0 ec. Seven days later, blood was taken in th: 
manner described and heated at 37° C. for 3 
minutes. The sera were not anticomplementary 
The sera were tested for complement fixation wit! 
Berkefeld filtrates of normal and tumor tissues 
At least three rabbits were used for each antiget 
The sera from each rabbit were tested separately 
and the best used for complement fixation with 
material obtained from centrifugation of Row 
and Fujinami sand and paper-pulp filtrates. 

The immune sera were employed in a comple 
ment-fixation test, which was carried out & 
previously described by Dmochowski (11) and # 
follows: Serum, antigen, complement, and salir 
were added in that order. The volumes used ? 
the tests were: 0.5 cc. of increasing dilutions ¢ 
immune sera; 0.1-0.2 ce. of antigen from variov 
stages of centrifugation previously titrated fé 

anticomplementary action, 0.25 ce. (five hemolyt 
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doses) of previously titrated complement, finally 
saline (0.85 percent) to bring the total volume to 
1.0 ec. The tubes were shaken and kept in the 
incubator at 37° C. for 1 hour, after which time 
0.5 ec. of a 3-percent suspension of sensitized sheep 
blood corpuscles was added. The tubes were kept 
for 15 minutes in the incubator, and the results 
were recorded immediately afterwards. In all 
tests, the controls of antigens were antigen with 
complement without serum, and antigen without 
complement and without serum; the controls of 
immune sera were sera with complement and 
without antigen. 

Material from various stages of centrifugation 
was at the same time tested for tumor-inducing 
activity by intradermal inoculations in fowls. 
Each sample was inoculated in 0.25-ce. quantities 
intradermally as well as the original sand and 
paper-pulp filtrate, which served as a control. 
As an index of tumor-inducing activity, an ex- 
pression of the number of takes and of the size 
of tumors was taken (Claude (8)) and was ac- 
cepted as 100 for the tumor-inducing activity of 
the sand and paper-pulp filtrate. 

The centrifugation of the material from dried 
or fresh Rous and Fujinami tumors was done in 
ice-cold water, and the whole experiment includ- 
ing the tests in vitro and in fowls was always 
carried out during the course of 1 day. 


FOWL TUMORS. I. 59 


RESULTS 
ANTISERA IN RABBITS 

Table 1 records the complement-fixation tests 
with rabbit immune sera elicited with injections 
of Rous Berkefeld filtrates. The rabbit sera 
against Berkefeld filtrates of Rous tumor were not 
wholly specific because all Rous-tumor prepara- 
tions contain extraneous fowl proteins. These 
sera reacted with filtrates of normal fowl tissues 
though to a lower degree than with the Berkefeld 
filtrates of the Rous tumor. As shown in experi- 
ments with Knox (1), these sera contain at least 
two antigens, one which is present in normal fowl 
tissues and is species specific and the other which 
is absent from the normal fowl tissue and is 
associated with the presence of the filterable agent. 

Table 2 gives the complement-fixation tests 
with rabbit immune sera produced with injections 
of fowl red cells. These sera reacted with Berke- 
feld filtrates of normal fowl tissue and of Rous 
tumor. They gave better complement fixation 
with filtrates of broth and KCN-broth than with 
filtrates of saline or KCN-saline extracts of Rous 
tumor. Similar results were obtained with fil- 
trates of Fujinami tumor. 

Table 3 shows the complement-fixation tests 
with rabbit immune sera elicited with injections of 
citrated fowl plasma. These sera gave a higher 
titer with filtrates of Rous tumor and filtrates of 





TABLE 1.—Complement-fization test with rabbit anti-Rous Berkefeld filtrate sera in various dilutions ! 
Serum No. 3 Serum No. 4 Serum No. 5 Serum No. 6 
Antigen - . - - aor SE Se 
1:8 1:16 | 1:32 | 1:64 | 1:128) 1:8 1:16 | 1:32 | 1:64 | 1:128; 1:8 1:16 | 1:32 | 1:64 | 1:128| 1:8 1:16 | 1:32 | 1:64 | 1:128 
Sand and paper-pulp 
: Rous filtrate +++ +44 +44 +44 $4 $44 +44 +44 $44 +44 +44 4+4+4/+44) +4 — +++) +-4+4+/4+4++) +4+ + 
Rous Berkefeld filtrate +++ +4+4/44+4 + =x +++ +44 +44 444+ + +++/+++4+)/) ++ + _ +++ +44 +++ _ wre 
Normal fow] liver Berke- 
feld filtrate ++ _ “ 


_ _- Ss aie ae allie ite Sa a + 


= _ + = -_ = _ 


++) - -/|-|- 





All antigens prepared from 2.5-percent KC N-saline tissue extracts were employed in 0.1-cc. quantities. 


In this, as in all other tests, the controls of antigens 


Were: antigen with complement without serum, and antigen without complement and without serum; as controls of immune sera: sera with complement and 


without antigen. 


+++, No hemolysis; ++, trace of hemolysis; +, partial hemolysis; +, almost complete hemolysis; —, complete hemolysis. 


TABLE 2. 


-Complement-fixation test with rabbit antifowl red-cells sera in various dilutions ! 





Serum No. 8 


Serum No. 10 Serum No. ll 





Antigen (Berkefeld filtrates) - — - - —_— - a 

1:8 | 1:16 | 1:32 | 1:64 | 1:128)1:256) 1:8 | 1:16 | 1:32 | 1:64 | 1:128| 1:256) 1:8 | 1:16 | 1:32 | 1:64 | 1:128| 1:256 
Rous (saline) +++] + - _ _ — +++) - - — _ = ++ - ~ - - - 
Rous (KC N-saline) +++) ++) + _ - — \+4++/4+)/ + ~ ~ — +++! + - ~ - - 
Rous (broth) -\tt++\+++) + - ~ - -rri +r] + - =- = Pr + - - ~ - 
Rous (KCN-broth) +++liteti¢¢+) + | — | — [444l44+) + | + | — | — [4e4i¢ge] - | - | - | OK 
Normal fow] liver (saline) FHL AEHIFEH + FH tee) t F4+4itt4l4t4+] $+) + | — [ei¢tei4g+] 4 | - | CK 





' All antigens were prepared from 2.5-percent tissue extracts and were used in 0.1-ce. quantities. For other explanations, see table 1. 
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normal fowl tissue than did the antifowl red-cells Tables 5 and 6 record two experiments with 
sera. KCN-saline extracts of Rous tumor and tables 7 
Table 4 records an experiment in which rabbit and 8 two with KCN-saline and KCN-saline- 
immune sera induced with Rous Berkefeld filtrates, broth extracts of Fujinami tumor. The tables 
fowl red cells, and fowl plasma were tested with also show the methods by which consistent 
various antigens prepared in KCN-broth extracts. results were obtained. The ‘washed agents’’ of 
The antifowl plasma serum tested gave the highest Rous and Fujinami tumors gave a negative comple- 
titer with filtrates of normal fowl organs and there- ment fixation with the antifowl plasma sera and a 
fore proved to be the best for detecting the positive fixation with the anti-Rous Berkefeld 
presence of normal fowl proteins. Complement- filtrate sera. At the same time, they induced 
fixation tests carried out with Berkefeld filtrates tumors in fowls. The tumor-inducing activity of 
of KCN-saline extract of normal and tumor the washed agents was at least equal to and often 
tissues gave similar results. The positive com- higher than that of the original filtrates. Tables 
plement fixation with Rous and Fujinami tumor 5-8 show that the titer of complement fixation of 
filtrates may be explained by the presence of the washed agents of Rous and Fujinami tumors 
species-specific antigen in these filtrates. with the anti-Rous Berkefeld filtrate sera was 
In an attempt to assess the purity of the agents usually undiminished and sometimes even higher 
obtained by centrifugation, two types of rabbit when compared with that of the original sand and 
immune sera were employed in complement fixa- __ paper-pulp filtrates. 
tion with material from various stages of centrifu- A complete sedimentation of the agents was not 


gation sera against Rous Berkefeld filtrates and obtained as the supernatant fluids (I and II) after 


sera against citrated fowl plasma. Only in a few both high-speed centrifugations induced tumors in 
experiments antifowl red-cell sera were employed 
as their titer was lower than that of the antifowl 
plasma sera. Eighteen experiments, 12 with Rous 
tumor and 6 with Fujinami tumor, were carried out. 


fowls and at the same time gave positive comple- 
ment fixation with the anti-Rous Berkefeld filtrate 


sera. The tumor-inducing activity of the two 


In some, small changes were introduced concern- supernatants, however, was smaller than that of 
ing the time and speed of centrifugation, the num- the original sand and paper-pulp filtrates or of the 
ber and time of washings of the sediments. washed agents. 


TaBLe 3.—Complement-fization test with rabbit antifowl plasma sera in various dilutions ! 





Serum No. 16 Serum No. 17 Serum No. 21 
Antigen (Berkefeld J 
filtrate 
i: 1:16 | 1:32 1:44 | 1:128 1:2561:512 1:5 1:16 1:32 | 1:64 | 13128) 1:255 1:512 1:§ 1:16 1:32 1:64 1:128 1:256 1:512 
Rous (KC N-saline +++ + - - _ — +++ +4++ 4+4++ - _ _ — ++ +44 444/444) + - - 
Rous (KC N-troth +++ +44 + _ ne ee ebedindde| dechrale ‘ ctechedin| finchoade ae on — +44 +44 +44 +44 +44 + - 
Normal fow] liver 
(KCN-broth +++ 4+4+4+/4+4+4 +4+4+/4+44+) + SEE REE EH EH ttt ttt +4 ¢44 +44 $44 +44 +44 +44 +4++ 





All antigens were prepared from 2.5-percent tissuc extracts and used in 0.1-cc. quantities in the test. For other explanations, see table 1! 


TaBLe 4.—Complement-fization lest with all three types of rabbit immune sera in various dilutions ! 





‘nti-Rous Eerkefeld Anti-Rous Berkefeld Antifow! red-cells serum Antifowl plasma serum 
serum No. 3 serum No. 4 No. £2 No. 218 
Antigen (Perkefeld filtrate) 

1: 1:16 | 1:32) 1:64 | 1:16 | 1:32 | 1:64 | 1:128) 1:16 | 1:32 | 1:64 | 1:12 1:32 | 1:64 1:128 1:255 1:512 
Fujinami +++ +++ +++ + +44/4+44+ 444+ 44+ 44+4+44++4+ + - ++ +4+4+/444+) + _ 
Rous SHH i ttt i ttt) tee eet tt tt +4+4+/4+4+4+) + — +++4+++44++ + - 
Normal fow! liver +++ — a — |+++/+4++!) — — tet +44+ +44 +44 +44) 444 $44/4+44 444+ 
Normal fow! kidney +++) + ~ — +$44+/4+44) -— — +++ 4+4+4+/+4+4) 44+ 444 444/444 444/444 
Normal fowl] lung +++) - _ — |+++| ++] - aE EH tH) tt + tt +44] 4+4+)4+tt 





' All antigens prepared from 2.5-percent KC N-broth tissue extracts, employed in 0.1-cc. quantities. For other explanations, see table 1. 
? The end titer of complement fixation with normal organs for this serum was 1:200. 
3 The end titer of complement fixation with normal fowl organs was found to be 1:800. 





Experiment No. 6! 
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Although the washed agents of Rous and 
Fujinami tumors gave negative fixation with 
comparatively potent antifowl plasma sera, they 
still gave positive reaction with anti-Rous Berke- 
feld filtrate sera and induced tumors in fowls. It 
was found that when the anti-Rous Berkefeld 
filtrate sera gave negative fixation with the washed 
agents, the preparations were not active in fowls. 
Thus it was possible to predict from a complement- 
fixation test with anti-Rous Berkefeld sera whether 
the preparations would be active in fowls. This 
parallelism between the tests in vitro and the 
biologic tests will have to be investigated because 
of its significance and possibilities of application. 

The use of the two types of rabbit immune sera 
proved to be helpful in removing the difficulty of 
determining the progress of freeing from extra- 
neous fowl proteins without a simultaneous loss of 
tumor-inducing activity. A separation of the 
agents of Rous and Fujinami tumors from other 
constituents of fowl tissues can be claimed only 
with the limits of the sensitivity of the test and 
the potency and specificity of the sera used. It 
may well be the case that the antifowl normal- 
tissue sera of higher potency would still give a 
positive complement fixation with the washed 
agents obtained with the methods used. With 
this reservation, the methods described may be 
helpful in obtaining the agents of filterable fowl 
tumors for further investigations of their properties. 


DISCUSSION 


The results described in the present paper con- 
firmed the findings of Claude (8) and extended 
them to another filterable fowl tumor, the Fuji- 
namitumor. The results indicated that the Rous 
and Fujinami agents can be, at least to a certain 
extent, purified with the methods used. The ac- 
tivity of the agents after separation from at least 
part of the extraneous fowl proteins was unim- 
paired and sometimes increased as compared with 
that of the starting materials. 

The activity in the supernatant fluids after 
high-speed centrifugation may be attributed to 
the apparatus employed, to the different states of 
aggregation of the agents (8), and to their dis- 
sociation into particles of smaller size which may 
require much greater centrifugal force for their 
sedimentation. In previous experiments, Foulds 


803363—48 2 


tw 


and Dmochowski (2) showed that nonfilterable 
RFD, fowl dibenzanthracene sarcoma and Rous 
sarcoma contained two antigens which were not 
demonstrated in normal fowl tissues; one was 
comparable in size with the agent of Rous sarcoma 
and the other was smaller. This fact may also 
account for the lack of complete sedimentation 
during high-speed centrifugation. 

The positive complement fixation of the anti- 
Rous Berkefeld filtrate sera with the washed 
agents of Rous and Fujinami tumors, and the 
negative results given by these agents with the 
high-titer, antifowl plasma sera indicate the 
existence of antigenic differences between the 
agents and normal fow! proteins. The anti-Rous 
Berkefeld filtrate sera showed a positive fixation 
with both washed agents of Rous and of Fujinami 
tumor, which may be due to antigenic similarity 
between the two agents. 
requires further investi 


This point, however, 
gation. 

The antigenic properties of the Rous agent and 
the immunologic phenomena elicited by the 
agent were investigated by Rous and Murphy 
(12, 13), Rous (14), Rous, Robertson, and Oliver 
(15), Mueller (16), Gye and Purdy (17, pp. 314- 
335), Mottram (18), Andrewes (19), Murphy, 
Sturm, Favilli, Hoffman, and Claude (20), Amies 
(5), and Amies and Carr (7). The Rous agent 
was found to be antigenically related to normal 
fowl proteins. All serological investigations so 
far described are complicated by these findings. 
The use of ultracentrifugation combined with com- 
plement-fixation tests with appropriate immune 
sera, as described in the present paper, may be 
helpful in obtaining purified fowl-tumor agents 
and thus facilitate the future serological analysis 
of the agents. 

In immunologic studies on the agents, the 
relationship between viability and potency of the 
antigenic material will have to be taken into con- 
sideration. Howitt (21) found that certain vi- 
ruses, when not viable at the time of antigen prepa- 
ration, elicited only weak or no antibodies when 
used for immunization. It is not known how far 
the lack of viability at the time of the use of 
purified fowl-tumor agents as antigens may 
influence the production of immune sera against 
the agents. The use of desiccated agents 
(Dmochowski (22)) separated from extraneous 
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fowl proteins and with their aetivity preserved 
may greatly facilitate the induction of antibodies 
against the agents. 

The degree of relationship between the species 
of animal which furnishes the antigen and that 
employed for immunization may also play a part 
in the induction of antibodies against the purified 
agents. By means of tests with rabbit immune 
sera, it was found that rats and mice are distant 
(Witebsky (23)), while on the other hand dis- 
similar species of birds, like chicken, pigeon, and 
goose, were found to be closely related (Land- 
steiner and van der Scheer (24)). Rabbit im- 
mune sera suitable for showing dissimilarities in 
the proteins of other rodents do not reveal the 
differences in birds that are hidden by structures 
common to bird proteins. Therefore, the accuracy 
of the results may be increased by employing 
immune sera elicited by the same agent in more 
than one species of animal. It may be advisable 
to use rabbits and guinea pigs for immunization 
with the fowl-tumor agents, the latter animals 
being also suitable for avoiding the Forssman 
antigen known to be present in fowls and also 
found sometimes in (Dmochowski 
(25)). 


tumor tissue 


SUMMARY 


Methods based on alternate high- and low- 
speed centrifugation of Rous and Fujinami tumor 
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The complement-fixation tests showed a con- 
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INVESTIGATIONS ON THE PROPERTIES OF AGENTS CAUSING FOWL TUMORS. II. 


ATTEMPTS AT 
METHODS !? 


ISOLATION OF THE 


FOWL-TUMOR, AGENTS BY CHEMICAL 


By L. DMocnowsk1 3 4 


INTRODUCTION 


Studies on fowl-tumor agents are greatly 
hampered because of the affinity of the agents to 
constituents of normal fowl tissues (Gye and 
Purdy (1), Amies (2), Dmochowski and Knox (3), 
and Dmochowski (4)). 

Isolation of the Rous tumor agent by various 
chemical means was studied by Sugiura and 
Benedict (6), Murphy, Helmer, and Sturm (6), 
Frankel (7), Leitch (8), Frankel and Mislowitzer 
(9,10), Maschmann and Albrecht (11), Lewis and 
Mendelsohn (12), Murphy, Helmer, Claude, and 
Sturm (13), Pirie (13), Claude and Murphy (14), 
and Claude (16, 17). Different substances had 
been employed (alumina gel, kaolin, charcoal), 
and the agent was at least partially released in 
active state. 

In the present paper, the chemical method of 
Claude (16) was employed in an attempt to obtain 
the fowl-tumor agents free from extraneous 
proteins for the study of their antigenic properties. 


METHODS AND EXPERIMENTAL PROCEDURE 


The fowl tumors investigated were Rous No. 1 
spindle-cell sarcoma, Fujinami myxosarcoma, and 
Mill Hill No. 1 fibrosarcoma. 

Extracts from fresh or dried Rous, Fujinami, or 
Mill Hill 1 tumor tissue were prepared in the 
lollowing way: 5 gm. of fresh or a corresponding 
amount of dried tumor tissue was ground with 
sterile sand in a mortar, distilled water, or some- 
times KCN-saline (proportion: 0:85 percent NaCl, 
idec.; phenol red, 1 ec.; N/10 KCN, 2e¢.; N/10 
HCl, 1.6 ec.) being slowly added to make a 
d-percent suspension. The suspension was centri- 
luged at 3,000 r. p. m. for 20 minutes to remove 
sand and larger particles. The supernatant fluid 
was then filtered through a sand and paper-pulp 
filter under a negative pressure of 10-20 em. Hg. 


LL 
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The reaction of the filtrate was always adjusted 
to pH 7.4. 

For elimination of inactive material from the 
sand and paper-pulp filtrates, adsorption on alum- 
ina gel type C, prepared according to Claude’s 
modification of the original method of Willstatter 
and Kraut (18, 19), was used. According to this 
procedure, centrifugation instead of sedimentation 
was employed for washing the alumina gel. The 
process of preparing the stock suspension of alu- 
mina gel C required only 2 days, as compared with 
the fortnight in the original procedure. 

The successive elimination of the inactive ma- 
terial from filtrates of Rous, Fujinami, and Mill 
Hill 1 tumors, in each case, was as follows: 


ADSORPTION 


One volume of tumor filtrate (40-80 cc.) was 
treated with an equal volume of the stock alumi- 
num hydroxide suspension. The stock suspension 
was centrifuged before use, and after the forma- 
tion of a slight deposit, the rest of the water was 
discarded. This deposit was then added to the 
tumor filtrate, shaken to obtain a uniform suspen- 
sion, and adsorbed for half an hour at room tem- 
perature, the suspension being repeatedly stirred 
with a glass rod. The gel with the adsorbed mate- 
rial was sharply spun down and the supernatant 
used in the experiments as alumina gel supernatant. 


ELUTION 


Before elution, the deposit was washed with 
distilled water until the last washing became clear. 
A volume of 1 percent dibasic sodium phosphate 
equal to the original volume of the filtrate was 
subsequently added to the deposit. A uniform 
mixture was obtained by stirring with a glass rod 
during the elution, which lasted 10 minutes at 
room temperature. The mixture was then sharply 
spun down and the supernatant used in the experi- 
ments as eluate. 


DIALYSIS 


The method of Northrop and Kunitz (20), em- 
ployed by Claude (16), was used. Collodion bags 
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for the dialysis were prepared from a solution com- 
posed of equal volumes of Necol (a commercial 
preparation of collodion known as Necol 356 
A/9 Nobel Chemical Ltd., 
alcohol, and anhydrous ether. The capacity of 
the bags was about 15-18 cc. Before use, the 
bags were tested by means of a 20-cc. Hg pressure 
for any leaks. A rocking apparatus was con- 
structed ° based on the principle of a water mill to 
which a glass tube was attached permitting the 
flow of the dialyzing fluid (Ringer solution, dis- 
tilled water) and submerged in water at a constant 
temperature of 4°-5° C. The dialyzed alumina 
supernatants of each of the tumors (15-18 cc.) 
were kept stirred during dialysis by means of a 
glass marble of a size just permitting its free 
movement in the bag. The rocking machine was 
adjusted to give an average of 15 rockings per 
minute. The rate of flow of the dialyzing fluid 
through the dialyzing chamber, the glass tube, 
was adjusted to about 25-30 cc. per minute, and 


Slough), absolute 


the dialysis lasted 25 to 3 hours. 

The chemical tests employed for each stage of 
purification were the biuret, xanthoproteic, Mil- 
lon’s, ninhydrin, diazo, Molisch, and naphthores- 
orcin tests. 

Samples of each stage of purification were 
tested for tumor-inducing activity by means of 
intradermal inoculations (Murphy, Sturm, 
Claude, and Helmer (21)). The alumina super- 
natant, eluate, and dialyzate from each experi- 
ment, as well as the original sand and paper-pulp 
filtrate which served as control, were each inoc- 
ulated into two to four chickens. The size of the 
tumors was recorded 12-28 days after the inocula- 
tions according to the rate of growth.® 

Each experiment from preparation to the filtrate 
to the inoculation tests was always carried out in 
the course of the same day. 

RESULTS 

Twenty experiments, comprising eight with 
Fujinami, six with Rous, and six with Mill Hill 
tumors were carried out by means of the method 





5 The author wishes to thank Dr. W. J. Purdy for construction of the rock- 
ing apparatus. 

6 In recording the results of activity tests, an arbitrary index of activity was 
taken (Claude (17)) by combining the number of positive inoculations and the 
average surface of the tumors induced with the solutions tested, and accepted 
as 100 for the sand and paper-pulp filtrate of each tumor. These figures are 
not intended to give an accurate measure of the actual content of active mate- 
rial in the solutions but are intended to show the ability of different solutions 
to induce tumors. 
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described. Fairly consistent results were obtained 
in each case, so that only a general description of 
the results of chemical tests and several results of 
the activity tests (tables 1 and 2 ) are given. 

TABLE 1.— Tumor-inducing activity of filtrates 


[Inoculations expressed as total number of inoculations/number of 
positive inoculations] 


ROUS TUMOR 

















Exper- ia Average = 
iment Filtrate Inoc ula- size of Percent- 
No tions tumors age! 

Centimeters 
Sand and paper-pulp filtrate 4/4 14x 1.1 100 
4 J Alumina supernatant 4/4 1.5.x 1.1 107 
Eluate 4/3 5x 32 8 
Dialyzate 4/4 15x 1.0 v7 
Sand and paper-pulp filtrate 8/8 18x 13 10 
9 Alumina supernatant 8/8 16x 14 6 
. ) Eluate 8/7 . ye 13 
Dialyzate 8/8 18x 19 1M 
FUJINAMI TUMOR 
Sand and paper-pulp filtrate 8/8 17x 14 100 
6 j Alumina supernatant 8/8 1.9 x 1.6 1B 
Eluate . 8/8 9x 8 0 
Dialyzate 8/8 2.2 x 1.7 152 
Sand and pulp-paper filtrate 4/4 2.2 x 1.9 100 
M4 ) Alumina supernatant 4/4 2.2 x 1.9 10 
Eluate 4/4 9x 8 7 
Dialyzate 4/4 2.8 x 2.1 M41 
MILL HILL TUMOR 
Sand and paper-pulp filtrate 8/8 0.9 x 0.9 100 
18 Alumina supernatant 8/8 1Oox 9 ill 
Eluate 8/3 ae 16 
Dialyzate 8/8 12x 1.1 163 
Sand and paper-pulp filtrate _- 8/8 10x 9 100 
17 Alumina supernatant 8/8 12x 9 10 
F Eluate 8/1 ios .7 10 
Dialyzate 8/8 LS & ia 1% 
Sand and paper-pulp filtrate 4/4 6x 5 10 
12 Alumina supernatant 4/4 8x 6 16 
a Eluate 4/3 5x 3 3 
|| Dialyzate 4/4 9x 6 1s 





! Tumor-inducing activity is expressed by combining the number of posi- 
tive takes and the average size of tumors in a single index of potency. (See 
footnote 6 in text.) 

The sand and paper-pulp filtrates of Rous, 
Fujinami, and Mill Hill 1 tumors consistently 
gave positive color reactions for proteins and 
positive Molisch and naphthoresorcin tests. 

The alun.ina supernatants of each of the in- 
vestigated tumors gave negative biuret, Millon, 
and xanthoproteic tests. The Molisch, naph- 
thoresorecin, ninhydrin, and diazo were 
positive. 

The tumor-inducing activity of the alumina 
supernatants (table 1) was found to be at least 
equal to that of the sand and paper-pulp filtrates 

The eluates of each of the tumors gave usually 
a positive biuret, Millon; xanthoproteic, diazo 
and ninhydrin tests were also positive. The 
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INVESTIGATIONS ON PROPERTIES OF AGENTS CAUSING 


FOWL TUMORS. II. 71 


TABLE 2.—Effect of salt concentration on the activity of dialyzates 














Experi- Temper- Number | Numberof| Average Tumor- 
Tumor ment Dialyzed against— aoe Time of inocu- | positive in- size of inducing 
No. lations oculations tumors activity 
°C. Hours Centimeters| Percent! 
{ 5 | Distilled water 5 2.5 4 4 13x 0.5 42 
Rous 4 | Ringer___- 9 3.75 4 4} 15x10 297 
ve f 10 | Distilled water 5 2.5 s 8 1.7x 1.4 102 
Rous \ 9 | Ringer ; 5 2.5 8 8| 19x19 154 
a f 13 | Distilled water 5 2.5 4 4 18x 1.3 56 
Fujinami \ 14 | Ringer 5 2.5 4 4) 28x21 141 
1 Tumor-inducing activity is expressed by combining the number of positive takes and the average size of tumors in a single index of potency. (See text 
footnote 6.) 
~ Effect of rise of temperature. 
activity of the eluates was much lower than that other constituents of the tumor tissue. Claude 


of the original filtrates or of the alumina super- 
natants (table 1). 

The dialyzates gave negative diazo and ninhyd- 
rin tests, and positive naphthoresorcin test, as 
shown by Claude (17). 

The tumor-inducing activity of the dialyzates 
of Rous and Fujinami tumors was at least 45 per- 
cent greater than that of the original filtrates. 
The tumors appeared earlier, and the size some- 
times reached nearly twice that of the tumors 
induced by the undialyzed material. In the case 
of Mill Hill 1 tumor, the average increase of 
activity of the dialyzate amounted to over 60 
percent (table 1). 

The nature of the dialyzing fluid influenced the 
behavior of the dialyzed agents A decrease of 
the activity followed when, instead of the Ringer 
solution, distilled water was used or even after a 
rise of temperature to 9° C. (table 2). 

The results showed that the elimination of the 
inactive material by adsorption and of diffusable 
substances by dialysis may be a method of choice 
for obtaining the agents not only of Rous but also 
of Fujinami and Mill Hill 1 tumors in an active 
and at least partially purified form. 

DISCUSSION 

The results of the present experiments confirmed 
the findings of Murphy, Sturm, Claude, and 
Helmer (21) and Claude (16) with Rous tumor and 
extended them to two other filterable fowl tumors. 

It is not known whether the increase in tumor- 
inducing activity was due to the removal of an 
inhibiting substance or to the separation of the 
agents from a purely mechanical association with 


22) and other workers (Murphy and Sturm (293), 
Murphy, Helmer, Claude, and Sturm (13), and 
Sittenfeld, Johnson, and Jobling (24)) interpreted 
enhanced activity of purified agents as due to the 
elimination of an inhibitory substance. The 
present results with the slow-growing Mill Hill 1 
tumor may indicate the possibility of the presence 
of such an inhibiting substance. 

It is hoped to employ the fowl-tumor agents 
obtained by methods described in the present and 
in the previous paper (4), with their activity 
preserved by the method of desiccation (25) in 
order to investigate their immunologic properties. 


SUMMARY 


By adsorption of sand and paper-pulp filtrates 
of fresh and dried Rous sarcoma, Fujinami 
myxosarcoma, and Mill Hill 1 fibrosarcoma on 
aluminum hydroxide, followed by dialysis with 
stirring of the remaining supernatant, fowl-tumor 
agents of the three tumors were separated from at 
least some of the accompanying proteins and other 
substances derived from the tumor tissue. 

The tumor-inducing activity of the final sus- 
pension containing the agents of Rous and 
Fujinami tumors was found to be at least 45 
percent and of Mill Hill 1 tumor 60 percent greater 
than that of the original material. 

The findings of Claude on Rous sarcoma were 
confirmed and extended to two other types of 
filterable fowl tumors. Thus, the increase of 
tumor-inducing activity obtained by the method 
employed by Claude was shown not only to be 
characteristic of Rous tumor but also to be of 
wider significance. 
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INVESTIGATIONS 
II. 
EXTRANEOUS PROTEINS !? 


ON THE 


PROPERTIES OF AGENTS CAUSING 


ATTEMPTS AT DESICCATION OF THE FOWL-TUMOR AGENTS FREED FROM 


FOWL TUMORS. 


By L. DMocnowsk1 3 4 


INTRODUCTION 


The experiments described in the present paper 
were undertaken to determine whether it is pos- 
sible, by means of desiccation, to preserve sus- 
pensions of purified agents in an active and stable 
form in order to employ them for the study of 
antigenic properties of the agents. 

METHODS AND 


EXPERIMENTAL PROCEDURE 


The method of desiccation is of great value ia 
preserving labile biological material. This method 
prevents to a high degree the loss of activity of 
the dried material, which depends on the nature of 
the material. 

Some of the filterable agents retain their specific 
activity during adverse conditions; others are not 
easily maintained in an active state, especially 
when purified. 

Purified plant viruses when dried behave ac- 
cording to type. After purified 
tobacco-mosaic and cucumber virus preparations 
lose about one-half or one-third of the infectivity 
of the undried preparations. Potato virus “X” 
loses about 90 percent of the activity, and tomato 
bushy-stunt virus is quite inactive after desiccation 
(Bawden (1)). 

Rous and Murphy (2) showed that filterable 
fowl-tumor agents remain active when desiccated 
and kept for long periods. They found that it is 
possible to preserve the agent for a long time, 
provided the desiccation is brought about rapidly 
at alow temperature. Rous (3) employed sulfuric 
acid as dehydrating agent in vacuo, and the desic- 
cation was carried out in an icebox. The Rous 
agent loses its activity rapidly when in a solution 
with a low protein content. The rate at which it 
is inactivated depends on the temperature at 


desiccation, 
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which it is maintained: the higher the temperature, 
the more rapid the rate of inactivation (Claude 
4, 5), Claude and Rothen (6), and Dmochowski 
(7)). 

The best results are obtained if biological ma- 
terial is maintained in a frozen state during the 
early part of the drying process (Flosdorf and 
Mudd (8)). Greaves and Adair (9) described 
methods of desiccation from the frozen state in 
high vacuum. Bauer and Pickels (10) used the 
method based on a cold trap as a desiccating agent 
for drying of virus material (yellow fever) and 
maintained the material during the desiccation 
period at a temperature below its freezing point. 
In the cold trap, all the volatile substances and the 
water vapor were condensed. It was found more 
convenient than the chemical agents alone. 

In the present experiments, the desiccation 
apparatus of Knox (1/1) was employed for the 
preservation of the agents freed from extraneous 
proteins. This apparatus proved to be of great 
value for preserving unstable biological material. 
In Knox’s experiments, Rous, Fujinami, and Mill 
Hill 2 tumors gave desiccates with no loss of infec- 
tivity when tested again after a considerable time 
of storage; only the drying of filtrates resulted in a 
considerable loss of activity when compared with 
that of the corresponding filtrates of the Rous 
tumor. 

The method of Knox is based on preliminary 
freezing of the material by a mixture of solid car- 
bon dioxide and alcohol and subsequent drying in 
a circular type of apparatus giving an efficient 
vacuum system. The preliminary freezing is 
important, as the degradation of biological mate- 
rial during desiccation occurs as a result of the 
concentration of salts and other constituents dur- 
ing slow freezing, which can be avoided if the 
freezing is rapid enough (Elser, Thomas, and 
Steffen (12)). 

The apparatus gives low pressures with great 
speed, and the temperature at the evaporating 
surface falls quickly to well below the freezing 








point and can be maintained at this level without 
the aid of external refrigeration. 

Fowl-tumor agents, freed from extraneous fowl 
proteins by methods described in two previous 
papers (Dmochowski (7, 13)), were desiccated in 
the following way: 

Known volumes of the suspensions containing 
purified Rous, Fujinami, and Mill Hill 1 tumor 
agents were frozen in ampoules with a constricted 
neck by immersion and rotation in a mixture of 
solid carbon dioxide and alcohol. The prepara- 
tions of the agents froze round the internal pe- 
riphery of the ampoules, insuring a large surface for 
evaporation. The ampoules were then connected 
with a manifold, which in turn was connected 
with the interposition of the condensor to a 
Cenco-Hyvac pump for the evacuation of the 
system. For a detailed description of the method 
and the apparatus, see Knox (1/1). The time 
required to obtain a safe stage of desiccation was 
24 hours. 

After storage for a fortnight, the dried material 
was resuspended in a volume of distilled water 
equal to the original volume and was inoculated 
intradermally into birds in the same quantities, 
0.25 ce., as the original material (dialyzate or the 
washed agents) which served as control. 

The tests in birds (Dmochowski (7) showed that 
the tumor-inducing activity of the dried, recon- 
stituted, purified agents was lost completely. 
This process of inactivation occurred as soon as 
the material reached a stage of comparative dry- 
As active preparations were needed, it 
became necessary to employ a method which 
would preserve the tumor-inducing activity of the 


ness. 


agents during desiccation. 

The known property of serum for preserving 
the activity of the agents could not be utilized as 
it would obviously have interfered with the purity 
of the agents. The influence of phosphate buffers, 
sodium and potassium chloride, and also calcium 
chloride on the preservation of the tumor-inducing 
activity of the agents proved to be ineffective. 
The suspensions of purified agents were devoid 
of any activity, as compared with the samples to 
which a drop of fowl or rabbit serum was added 
and which suffered no loss of activity. 

Gye and Purdy (14) demonstrated that while 
incubation at 37° C. for 24 hours destroyed the 
activity of a Rous tumor filtrate, an addition of 
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1/10,000 HCN inhibited the loss of activity for 2 
days. Pirie (15) showed that the eluates of the 
Rous agents were inactivated during incubation as 
rapidly as the crude filtrates but that their activity 
could be preserved by the addition of HCN in the 
same way as the activity of the crude filtrates 
could be preserved. Therefore, the influence of 
potassium cyanide (KCN) on the preservation of 
the activity of the purified agents during desicca- 
tion was investigated. 

Before drying, KCN, neutralized by addition of 
N/1 HCl, was added to a known volume of the 
suspensions in an amount to give a final dilution of 
1/10,000. 

The suspensions of purified Rous, Fujinami, and 
Mill Hill 1 agents dried in the presence of KCN 
proved to be active when tested in chickens. 

The tumor-inducing activity of the original prep- 
arations of the fowl-tumor agents was com- 
pared with the activity of the corresponding 
dialyzates or washed agents, desiccated in the 
presence of KCN, by intradermal inoculations in 
chickens. The activity of the suspension con- 
taining the agents freed from extraneous proteins 
and dried by the method described averaged ap- 
proximately 60-80 percent when compared with 
that of the original purified preparations of the 
agents. 

Even after desiccation in the presence of KCN 
the suspension of purified fowl-tumor agents 
showed a loss of activity of between 40 and 20 
percent, as compared with their original prep- 
arations. 

DISCUSSION 

It is known that after desiccation certain puri- 
fied plant viruses lose part (tobacco-mosaic, cu- 
cumber virus) or all (tomato bushy-stunt virus) of 
their activity. In potato virus ‘X,” the loss of 
activity depends on the pH value of the dried 
solutions. At pH 6, the loss amounts to about 50 
percent, and at pH 8 it is about 90 percent. In 
tobacco mosaic, the effect of desiccation is the 
same at pH 3 to pH 7. In tomato bushy-stunt 
virus, the pH value has no influence on the loss of 
activity during drying. Certain animal viruses 
(yellow fever virus) also lose their activity when 
dried in a suspension with a low concentration of 
proteins. 

It is not known how the inactivation occurs. 
The addition of proteins, inactivated homologous 
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INVESTIGATIONS ON PROPERTIES OF AGENTS CAUSING FOWL TUMORS. III. To 


or heterologous serum prevents the loss of activity 
of viruses during drying. Gum acacia has the 
same effect (Scherp, Flosdorf, and Shaw (16)). 
The loss of activity may be due to a mechanical 
damage when the virus particles become tightly 
packed together during drying. It may also be 
due to some destructive changes in the structure 
of the virus particles or to oxidation processes. 

In the present experiments, the addition of KCN 
prevented the loss of at least 60 percent of the 
tumor-inducing activity. Therefore, the loss of 
activity may be partially explained by the rapid 
oxidation processes occurring during the drying. 
Whether other factors play a decisive part will 
have to be investigated further. 

The experiments were carried out to preserve the 
preparation, of purified fowl-tumor agents in an 
active form. Therefore, only a nonantigenic sub- 
stance which would prevent the loss of activity 
could be considered. From this point of view, 
hydrocyanic acid proved to be effective. Although 
some loss of activity occurred in spite of the addi- 
tion of hydrocyanic acid, it was compensated for by 


REFE 


(1) Bawpen, F. C.: Plant viruses and virus diseases. 


2d ed. Chronica Botanica Co. Waltham Mass. 
(1943). 

(2) Rous, P., and Murpny, J. B.: On the causation by 
filterable agents of the three distinct chicken 
tumors. J. Exper. Med. 19: 52-69 (1914). 

(3) Rous, P.: A sarcoma of the fowl transmissible by an 
agent separable from the tumor cells. J. Exper. 
Med. 13: 397-410 (1911). 

(4) CLraupr, A.: Properties of the causative agent of a 


chicken tumor. XIII. Sedimentation of the 
tumor agent and separation from the association 
inhibitor. J. Exper. Med. 66: 59-72 (1937). 

(5) ————: Fractionation of chicken tumor extracts by 
high speed centrifugation. Am. J. Cancer 30: 
742-745 (1937). 

(6) Cuaupe, A., and Rornen, A.: Properties of the 
causative agent of a chicken tumor. XIV. Rela- 
tion between a tumor nucleoprotein and the active 
principle. J. Exper. Med. 71: 619-633 (1940). 

(7) DMocnowskl, L.: Investigations on the properties 

of agents causing fowl tumors. I. Attempts at 

isolation of the fowl-tumor agents by differential 

centrifugation. J. Nat. Cancer Inst. 9: 

(1948). 


(8) FLosporr, E. W., and Mupp, S.: An improved 
procedure and apparatus for preservation of sera, 
microorganisms and other substances—the cryo- 
chem-process. J. Immunol. 34: 469-490 (1938). 


57-67 





the increased activity of the starting material 
which had a tumor-inducing activity considerably 
greater than that of the crude tumor extracts. 


SUMMARY 


The method of preliminary freezing with desic- 
cation in a high vacuum system was chosen in order 
to preserve suspensions of the fowl-tumor agents, 
freed from extraneous fowl proteins by methods 
described in two previous papers, in an active form. 

The method proved to be effective when, pre- 
vious to the desiccation, hydrocyanic acid was 
added to the suspensions of purified fowl-tumor 
agents of Rous, Fujinami, and Mill Hill 1 tumors. 

The tumor-inducing activity of the suspensions 
reconstituted after drying in the presence of hydro- 
cyanic acid amounted to between 60 and 80 per- 
cent when compared with that of the purified 
preparations before drying. 

The tumor-inducing activity was taken as an 
indication of the ability of different preparations to 
induce tumors and not as a measure of the actual 
amount of active material. 
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BETWEEN CHEMICAL STRUCTURE, LEUKOPENIC ACTION, AND ACUTE TOXICITY 
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INTRODUCTION 


The leukopenic action of urethan (ethyl car- 
bamate) coupled with its growth-inhibiting effects 
on animal tumors led Paterson et al. (1, p. 677) 
to investigate this interesting compound in clini- 
cal leukemia and other lymphadenopathies. The 
results of their studies, which have been widely 
quoted, were most interesting from the stand- 
point of experimental chemotherapy. Although 
no permanent benefit resulted from urethan treat- 
ment, a striking similarity between the leukocyte 
responses to urethan and those brought about by 
X-ray therapy was noted. 

Hawkins and Murphy (2) first pointed out the 
fact that urethan anesthesia caused a rapid in- 
crease in the CO, content and pH of the whole 
blood of rabbits to a point where there was a 
marked uncompensated alkalosis. This alkalosis 
reached its maximum in 24 hours and persisted 
for 48 hours. Accompanying this change was a 
marked fall in the circulating lymphocytes, similar 
in extent to that following a relatively large expo- 
sure to X-ray. 

Little is known concerning the mechanism by 
which urethan affects cellular growth. Dustin 
(3) reported that urethan poisons cell division in 
the intestine of the mouse and that this effect is 
similar to other mitotic poisons and X-rays. 
Along with the decrease in mitotic activity, a 
greatly increased cellular degeneration was noted. 
Since this degeneration was limited to the germina- 
tive region, it was suggested that it takes place 
only when cells attempt to divide. Dustin also 
pointed out that even with large doses of urethan 
no comparable cellular destruction was found in 
other organs. 


cee 
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He suggested as a possible mecha- 
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nism of mitotic poisoning, the inactivation of en- 
zymes playing a part in the onset of prophase 
(in particular, in thymonucleoprotein synthesis). 

The present paper is a summary of our efforts 
to obtain leads with reference to the mode of ac- 
tion and perhaps more reasonable selection of 
compounds for further test against various strains 
of leukemia based on the relationship of chemical 
structure of simple carbamate molecules to leuko- 
poiesis. A comparison between the leukopenic 
action of the present series of compounds and their 
antileukemic activity on mice will be published 
later. 

EXPERIMENTAL PROCEDURE 


The procedure used in this study for screening 
compounds for leukotoxic action was recently re- 
ported (4). The first phase of the procedure en- 
tailed determination of the acute L. D.;) of the 
agent to Carworth Farms CFW strain mice by 
parenteral administration, using isotonic saline, 
10 percent gum acacia, propylene glycol, or peanut 
oil as the carrier. An arbitrary 10-day observa- 
tion period was used, and three points on a log- 
probability plot were considered sufficient for the 
L. D.;9 approximation. In the second phase of 
the study, mice of a given lot were grouped and 
injected at the L. D.59 level and one-half the 
L. D.5o level. The volume of the injection was 
kept to Jess than a hundredth of the body weight 
of the animal. Hematologic studies were carried 
out at 2 and 4 or 4 and 7 days after the single 
injection. Five mice from each group were ether- 
ized, and fairly large samples of blood were drawn 
immediately from the right ventricle. All mice 
were killed by exsanguination. Early in our inves- 
tigation it was learned that etherizing caused a 
rapid and reproducible increase in the circulating 
white blood count.. In view of the rapidity of 
this increase and the lack of any observable shift 
in the leukocytic formula, it was assumed that 
the mechanism of this increase was through the 
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release of already formed elements from sites of 
Statistical studies on 125 counts 
of etherized mice (otherwise untreated) showed a 
degree of internal consistency compatible with use 
of this elevated normal mean as a base line for 
leukopenic assays. All results reported herein are 
on etherized animals. 

Summaries of the blood studies of each group 
of five animals treated with a given compound 
are reported as a mean. Standard deviations 
(c) from the means were calculated and are re- 
corded in the case of total leukocyte counts. 
Differential white counts, hemoglobin determina- 
tions, and erythrocyte counts were also carried 
out. 

The plan for variation of the basic urethan 
(ethyl carbamate) molecule, which in itself shows 
antileukemic action both in animals and man, 
has been as follows: 


sequestration. 


OC:Hs OR; 
Oo=( H Oo=( R 
N N 
H R; 


urethan 


(1) Variation of R,; R.=R,=H. 


compounds 1, 3, and 4. 


Table 1, 


(2) Variation of R,; R,=C.H;; Rz,=H. Table 
1, compounds 5-16. 
(3) Variation of R, and R;; R,=C.H;. Table 


1, compounds 17-24. 

(4) Substitution of S for O in the molecule. 
Table 1, compounds 25-27. 

The urethan derivatives studied in the present 
work are listed in table 1. Compounds 2, 3, 4, 

6, 12, 14, 22, 23, and 24 were obtained from the 
Eastman Kodak Co. Compounds 7, 9, 10, 11, 
13, 15, 16, 17, 18, 19, 21, and 28 were prepared in 
this laboratory from the corresponding amines 
by reaction with ethyl chlorocarbonate. 

Ethyl N-8-chloroethylearbamate (compound 8) 
and ethyl N,N-bis-(8-chloroethyl) carbamate 
(compound 20) new compounds. They 
were prepared by the reaction of thionyl chloride 
with the corresponding hydroxy compounds, 
which were in turn obtained by treating the 
appropriate with ethyl 
carbonate. slightly 
liquids. 


were 


ethanolamines chloro- 


Both were clear, viscous 


Ethyl N-8-chloroethylearbamate: boiling point. 
105° (10 mm.); np”, 1.4531. Percent nitrogen: 
calculated for C;H,oO,.NCI, 9.0; found (Kjeldahl), 
9.3. 

Ethyl N,N-bis-(8-chloroethyl) carbamate: boil- 
ing point, 106° (1 mm.); np”, 1.4709. Percent 
nitrogen: calculated for C;H,;0.NCl, 6.5; found 
(Kjeldahl), 6.7. 

Ethyl thioncarbamate (compound 25), ethyl 
N-ethylthioncarbamate (compound 26), and ethyl 
N-phenylthioncarbamate (compound 27) 
prepared for us by Sharples Chemicals, Inc. 


were 


RESULTS 
Toxicity vs. CHEMICAL STRUCTURE 


Some of the effects of varying the chemical 
structure of the urethan nucleus on its acute 
toxicity are illustrated in table 1. 


Toxicity oF SEVERAL PossiBLE URETHAN DEGRADATION 
PRopUcTs 
Three possible routes of degradation for urethan 
under physiological are illustrated 
below: 
(1) Enzymatically catalyzed hydrolysis ° 


conditions 


OC:Hs 


+ HOH —— C:;H;0OH + CO; + NH 


H 


(2) Cyanate formation 


OC Hs 
o=c H 
—— HCNO + C:H;0H 
N 
H ‘4 
NaCNO 
KCNO 


(3) Fixation at site of active amino acid groups 
(suggested by Dustin). 


OC2H 
R 
0=C H 
‘ + H—-R — O=( H + C:2H;OH 
N 
\ N 
H 


‘H 


Although it seemed more likely that the toxic 
action of high doses of urethan was due to the 


6 Tracer studies with carboxyl-labeled urethan show that the compound 
breaks down in the body much more rapidly than can be accounted for by 
uncatalyzed hydrolysis at body temperature and pH (unpublished data, 
this laboratory). 
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nt TABLE 1.—Variations in the acute toxicity of a series of carbamates with changes in chemical structure 
en: Mi 
hl) ale Route of Poe — ~ 
’ No Compound Structure Vehicle = toxicity L. D.so (damien 
| , studies injection; 
jection; 
oil- a- — | 
OCH; | 
ent 4 Number | Ma./ka. | MM/kg. 
1 | Methyl carbamate ‘ = 6o=C H Saline___- I. P22 46 2, 000 27 2 
und Vf 
N 
H 
thyl " | 
s OC2Hs 
thyl 
. 2 | Ethyl carbamate (urethan) oO=C H = en I. P. 38 1, 800 20 2 
vere d 
N 
H | 
OC;H: | 
3 Propy! carbamate 0=C H = = iP. 68 1,075 10 1 
N | | 
ical H 
} | 
cute OC:Hes 
4 | 
4 | Butyl carbamate o0=C H PG3 - I. P. 54 400 3.4 3 
N | | 
TION ‘ } 
H } } 
OCH | 
than a ; a . r id 
5 | Ethyl N-methylearbamate ‘ oO=¢ CH Saline _- I. I 36 1, 030 10 1 
ated N | 
H | 
OCH; | 
6 | Ethyl N-ethylearbamate : O=C CoHs ..do ; s. P. 41 1,000 8.6 1 
N 
H 
| 
OCoHs | 
s | 
7 Ethyl-N-6-hydroxyethylearbamate ‘ 0=C C.H,OH .do ae .? 50 2, 700 | 20 1 
N. 
H } 
OCH; 
8 | Ethyl N-6-chloroethylcarbamate O=C C:H;Cl P.o84 a I. P. 34 550 | 3.6 1 
N 
H 
‘oups OC2Hs 
9 Ethyl N-n-propylcarbamate O=C C3H; PG I. P. 36 400 | 3.1 1 
N | 
H 
1 OC Hs 
10 | Ethyl N-allylearbamate___. 0=C CH:CH=CH? | PG....-. I. P. 72 425 3.3 2 
N 
toxic H 
, OC Hs 
o the F 
CH 
mpound 11 | Ethyl N-isopropylcarbamate O0=C PG__. I. P. 40 425 3.2 1 
d for by 3 CH 
ed dats, ‘n CH; 
H 
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TABLE 1 Variations in the acute toricity of a series of carbamates with changes in chemical structure—Continued 
Mice Peak mor- 
No Compound Structure Vehicle adminis poh L. D.s Php No. 
studies injection 
OCHs 
Number = Mo./ka. MM kg. 
{2 Ethyl N-n-butylearbamate nicihinteaal o=C C He P.o I. P. 56 450 3.1 ! x 
N 
H 
OC Hs 
13. N-Carbethoxyglycine ester : 0o=C CHC O2C Hs PG... I. M.5 68 4, 300 24.5 1 » 
N 
H 
OC Hs PG... LP iO 350 20 1 
14 Ethyl N-phenylearbamate as o=C CoHs PG_.. I.M 11, 700 9.7 1 a 
N 
H 
OC Hs 
15 Ethyl N-o-chlorophenylcarbamate O=C C.HiC Vo P.o I. P. 44 1, 000 5.0 | 96 
N 
H 
OCH 
16 Ethyl N-m-chlorophenylcarbamate Oo=( C,HsCl(m P.o i. P. 34 1, 800 9.0 1 and 3 97 
N 
H 
OCH 
17 N-Carbethoxypiperidine ‘ o=C Cos PG I. M. 62 1, 500 9.6 | 98 
N CH 
CH, 
OC Hs 
Is N-Carbethoxymorpholine : Oo=C CoH, P.o i 48 1,350 8.5 2and4 ee 
N rs) + 
CoH, 
OCH: intas 
19 Ethyl N,N-diethylearbamate ‘ 0=C CoH; PG : F. 38 175 1.2 1 ity 0 
N to tl 
CoHs icall; 
OCH: than 
20 Ethyl N,N-bis-(@-chloroethy])-carbamate 0=C C2H;C!l PG r . 34 500 23 i 1 ae 
. | TABL 
C.H.Cl 
OC Hs C% 
21. Ethyl N,N-dipropylearbamate . o=C’ Cal; PG . ‘PP. 36 75 4 2 and 4 
N — 
om Uretha 
OC Hs Sf a LP. 54 1, 100 5.5 1 ae | 
22 Ethyl N.N-dibutylearbamate : O=C Cis I I. P. leat <110 <. 55 60 
N NaHC 
CsHo KCN( 
—_—— 
'co 
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, " , ’ er Route of 4 3 “us 
No. Compound Structure Vehicle = toxicity L. D.s (days after 
: studies injection) 
Number | Mg./kg. | MM/kg. 
OC 
23 | Ethyl N-ethyl-N-phenylearbamate - _- ; si Oo=C CoH; P.o cae ‘LP. 62 1, 200 6.2 1 
N 
CoHs 
OCoHs 
24 | Ethyl N-phenyl-N-benzylcarbamate_____..........- Oo=C Cols P.o I.P 56 1, 875 7.4 1 
N 
CH2CsH; 
OC 
25 | Wty thlomenramnets... ....5 ccc cccsccccecccececcece s=C G.a.6 I. P 38 325 3. 1 1 
N 
oC | 
26 | Ethyl N-ethylthioncarbamate pideitiivalssts ee s=C H G.a I.P 36 00 3.8 1 
N 
oC P.o 1? 36 800 4.4 2 
27 | Ethyl N-phenylthioncarbamate._-_.._............... s=C H PG I. P ca. 80 ca. . 44 
N 
OCH; 
28 Ethyl-N-carbethoxycarbamate (Azamalonic ester) o0=C G.a I. P 42 1,000 6.2 1 
NH 
o=( 
OC Hs 
! Dosage, L. D. 50. 3 Propylene glycol. § Intramuscular. 


? Intraperitoneal. 4 Peanut oil. 


intact molecule, a brief consideration of the toxic- 
ity of several possible catabolic products in relation 
to the molar concentrations which might theoret- 
ically be produced from 20 mM/kilograms of ure- 
than (the L. D. 59) is given in table 2. 


TaBLE 2.—Toz2icity of possible urethan degradation products 





Concentra- 
tion possible 
from degra 
dation of 20 L. D. 30 
mM/kg. of 
urethan 


Compound Comments 


- mM/kg. 
Urethan 7 20 
Ethyl alcohol ¥ 20 
95 percent ca. 15 
60 percent ca. 25 
_ _20 percent > 160 
NaHCO;! = ll >12 | 48 mM/kilograms injected 
over 8 hours killed no mice. 
KCNO P . ll 3.7 





‘CO: from oxidation of alcohol formed not included. 
803363—-48——_“4 





6 Gum acacia (10 percent). 


HEMATOLOGIC STUDIES 


Some of us recently reported the results of blood 
studies on 10 groups of otherwise untreated ether- 
ized Carworth Farms CFW strain mice containing 
5 mice each (4). These results (table 3), which 
provide the base line for the present report, were 
confirmed by. about 75 additional control studies 
on the individual shipment lots of mice used herein. 

A summary of the leukopenic assays on a series 
of 27 of the less complex carbamates studied is 
presented in table 4. All injections for blood 
studies were made by the intraperitoneal route 
unless otherwise indicated. 

In line with the possible formation of the cyanate 
ion during the biochemical degradation of urethan, 
experiments were carried out to determine the 
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Hematologic studies on 50 normal CF W mice (4) 





Statistics on individual animals 











Statistics on 10 groups of 5 animals each from 
various shipment lots 














Count _ . a a Ee te erie alien ieee eee 
Mean Range .D. 8. D2 Mean Range A.D.! 8. D2 
Total leukocyte count 
ales 7,750 4, 000-11, 000 1, 262 ‘ 7,750 | 5,880-9,050 1,040 1,170 
Females 8,150 | 3, 800-13, 375 1, 907 2 8, 150 6, 130-9, 415 1, 195 1,273 
Males+females 7,950 | 3, 800-13, 375 1, 578 2, 7,950 5, 880-9, 415 1,119 1, 222 
Differential count Pet. Pet. Pet. Pet. 
Nongranular leukocytes 5.8 52-97 | 8.3 85.8 64-95 5.5 8.1 
Lymphocytes 81.5 52-04 81.5 61. 92 
Monocytes 4.3 0-15 4.3 3-7 
Granular leukocytes 14.2 3-48 7 8.3 14.2 7-36 5.5 8.1 
Neutrophils 13.6 3-47 13.5 6-35 
Eosinophils 0.5 0-3 0.5 0-1 
Basophils 0.06 O-1 06 0-. 2 
Hemoglobin: 3 Grams Grams Grams Grams 
Males 12.5 47.5-15.0 0.8 1.3 2.5 11. 4-13. 2 0.5 0.6 
Females 12.5 11. 0-14.0 0.6 0.7 12.5 12. 2-13. 0 0.3 0.3 
Males+females 12.5 47.5-14.0 0.7 1.1 12.5 11. 4-13. 2 0.4 0.5 
Thousands Thousands Thousands Thousands 
Total erythrocyte count per mm per mms per mm per mm. 
ales 7, 284 4, 450-8, 210 585 795 7, 284 6, 398-7, 894 511 ASN 
Females 7, 56 6, 000-8, 320 563 587 7,565 | 6, 966-7, 996 371 398 
Males— females 4, 450-8, 320 574 713 7,424 6, 398-7, 996 391 473 
1A. D., average deviation 
28. D., standard deviation 
' The Haden-Hauser method was employed for hemoglobin determinations. 
‘ Excluding this one low reading, the range was 10.5-14.0 gm. 
TABLE 4.—Hematologic screening data 
Differential count 
Days eae ie oaaes 
. . Number : pd Mean RC Mean Mean 
Ne Compound ofanimals| Pose! |, after WBC | 7 WBC RBC Hb Non- . 
injection granular 2? Granular 
leukocytes leukocytes 
Grams Percent Percent 
Etherized controls 50 7, 950 1, 222 7, 424, 000 12.5 86 
| §| L.D.s 2 5, 370 1, 040 6, 598, 000 12.7 91 9 
9 
1 | Methyl carbamate §| L.D.s 4 8, 170 2,652 | 5,792,000 12.9 90 10 
9? 
| §| L.D.s 2 6, 510 664 7, 450, 000 13.0 86 14 
5| L.D.s 4 6, 300 1,946 | 6, 420, 000 13. 2 8S 12 
5| L. D.» 2 3, 870 475 | 7,364,000 13.4 82 18 
9 
5 | L.D.» 4 3, 080 1, 229 6, 406, 000 11.6 betel 12 
‘ . 2 
2 | Ethyl carbamate (urethan |) Eis - 7, 660 4, 641 6, 702, 000 12.9 85 1 
9 
§| L. D.» 2 2, 450 470 5, 000 14.0 38 62 
5 | L. D. sx 4 3, 220 2, 082 , 000 11.5 87 13 
5 L. D.» 7 4, 420 2, 273 5, 000 11.7 75 25 
3 | Propyl carbamate 5 | L. D.» 2 5, 550 4,655 | 6,308,000 13. 4 89 Il 
F 9 
5| L. D.« 4 8, 380 2,072 | 8,120,000 13. 8 96 4 
9 
Run | 5 | LD. x 7| 10,500} 5,815 | 7,718,000; 125 90 10 
9 
5| L.D.9 2 4, 960 4,210 | 7,064,000 14.1 80 *) 
5| L. D.s 4 13, 180 3,566 | 8,040, 000 13.1 97 
5 | L. D. 50 7 6, 960 1,487 | 7, 916, 000 12.3 oF ® 
5| L.D.» 4 9, 060 2,144 | 7,932, 000 12.6 88 12 
9 
Run 2 5 | L.D. 50 7 9, 420 1,766 | 7,648, 000 13.7 89 i 
2 
5 | L. D. 50 4 9, 220 854 | 7, 604, 000 11.9 93 ‘ 
5! L.D.» 7! 6,940 1,632 | 7,866, 000 13.1 85 15 


1 Toxicity data are presented in table 1. 


? Lymphocytes, monocytes, and in several instances, a small number of plasma cells. 
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TABLE 4.—Hematologic screening data—Continued 
n Differential count 
No Compound Number Dose ! mee Mean WBC Mean Mean en ee 
_— po ofanimals ” PP se WBC |” RBC Hb Non- | a 
injection granular? | Granular 
| leukoevtes | ukocytes 
i an! MAE DUNN MAD ERE! GUA Ue =" >> 
1,170 | | | Grams Percent | Percent 
1.273 5 J L. D. so d 2 6, 750 | 3,740 | 6,210,000 12.8 83 | 17 
l » 2 
4 Butyl carbamate ? st 5 | L.D.50 4 7, 600 2,805 | 7,032,000 13. 4 | 91 9 
9 
8.1 5| L.D.s 2 4, 320 140 | 7,784,000 | 14.0 70 30 
4| L. D. 50 4 5, 212 5,180 | 8, 105,000 14.4 89 11 
&.1 | 
| §| L. D.s 4 6, 820 2, 463 7, 936, 000 12.5 96 4 
» 
5 Ethyl N-methylcarbamate 5 | L. D. x 7 2, 220 542 | 8, 150,000 13. 0 94 6 
9 | | | 
2 | | 
0.6 | 5 L. D. 3, 840 2, 851 7, 930, 000 12.2 93 7 
0.3 5 L. D. 5 7 | 2, 460 2, 620 8, 066, 000 | 12.3 97 3 
0 | 
| 
| 5| L.D.s 4 5, 820 3,775 | 8,072,000} 13.0 OF 6 
> | 
~ 6 | Ethyl N-ethylearbamate 5 | LD. 7 5, 760 1,619 | 7, 890, 000 12.3 85 15 
{7 2 | | | 
| 5 L. D. » 4 4, 380 2, 675 8, 214, 000 13.3 93 7 
— 5| L.D.s 7 7, 760 894 | 8, 030, 000 12.7 86 | 14 
7 Ethyl N-8-hydroxyethylearbamate 
| 5| L.D.s 2 5, 660 755 | 6,740,000 13.5 82 18 
9 
Run 1 5 L. D. so 4 3, 700 2, 161 7, 178, 000 13.0 82 18 
9 
— | L. D. 5 2 4, 690 1, 621 6, 818, 000 12.4 53 47 
5 | L.D. 5 4 3, 640 1, 137 6, 884, 000 11.9 83 17 
int 
§| L.D.s 2 5, 450 1, 410 7, 318, 000 13.5 &3 17 
nular | 2 
wytes Run 2 5| L. D. x 4 5, 810 1, 388 7, 278, 000 13.7 90 10 
9 
5 | L. D. x 2 5, 410 2, 718 7, 442, 000 13.5 75 25 
rcent 5; L.D.;s 4 3, 990 606 7, 996, 000 14.3 75 25 
14 
5 | L. D. x 4 4,770 2, 135 6, 628, 000 12.1 91 4 
¥ 9 
8 Ethyl N-6-chloroethylearbamate $| bBo 7) 5100) 61.272 | 7,108,000) 183 = ad 
it 9 
5| L.D.» 4 7, 190 3, 092 6, 889, 000 12. SS 12 
4 5 LL.D.» 7 4, 500 | YAS 7, 550, 000 12.9 73 27 
12 
| 5 | L. D. ss 2 3, 730 556 «6, 560, 000 13.1 87 13 
18 5 2 | 
12 9 | Ethyl N-n-propylearbamate 5 | L. D. s 4 4, 230 857 | 6, 444, 000 13.3 91 9 
r4 9 
i) L. D. 5 2 3, 954 1,115 6, 514, 000 13.3 84 16 
15 5 L. D. 4 5, 420 590 6, 884. 000 13.3 SS 12 
62 
13 | 5 | L. D.» 2 6, 800 2,145 | 6, 954, OC( 13.1 80 2u 
9 | 
10 | Ethyl N-allylearbamate 5| L.D.x 4) 6,110 2,591 | 7,796,000 | 13.7 89 | i 
of Suny . . = - 
i | 5| L. D.s 2 4,312 1,117 4,000 | 13.5 82 | 18 
5 L. D. » 4 3, 240 1, 572 52, 000 13.4 84 16 
4 
, 5| L.D.s 2 6, 760 3,076 | 7, 130, 000 13.0 91 | 9 
9 
2» ll | Ethyl N-isopropylcarbamate 5 |_L. D.s 1 5, 990 1, 124 6, 482, 000 13.2 & 12 
} 2 
f | 5| LL.D.» 2 7, 650 1, 349 6, 580, 000 13.0 93 7 
§5| L.D 4 5, 880 2,279 6, 890, 000 13.5 87 13 
12 
5| L. D. x 2 6, 240 2, 318 7, 440, 000 13.6 83 17 
ll | 2 
12 | Ethyl N-n-butylearbamate 5 |_L. D.s $ 4, 630 1,510 | 7, 189,000 | 13.5 86 14 
: J J = 
1 | 5 | L. D. x 2 5, 930 745 7, 642, 000 13.0 f 17 
5 L. D. 4 4, 920 488 7, 142, 000 13.6 S85 15 
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TABLE 4.—Hematologic screening data—Continued 
Differential count 7 
Days eames see 
. Number Mean , Mean Mean 
No ompoun . se t » toner ; . 
Compenne ofanimals. 0% ter | wac | ¢ WH RBC Hb Non- 
injection = ar? | ranular No. 
granular 2 lonsicocews 
leukocytes “U*OCYtes 
Crams Percent Percent . 
| 5| L.D.s 4 7, 260 973 8, 204, 000 13.7 92 8 
9 
13 | N-Carbethoxyglycine ester injected I.M 5) L.D.s 7 5, 440 1, 426 6, 900, 000 11.9 87 13 
2 r2 
| §' L.D.s 4 11, 040 7, 94 6, 578, 000 11.1 SS 12 
5| L.D.; 7 5, 360 2, 57! 4, 932, 000 8.7 83 17 
14 Ethyl N-phenylearbamate 
| 5| L. D.s 4 7,110 1, 567 6, 476, 000 11.5 8&8 12 
5 
Run 1 injected I. M 5| L.D 50 7 4,710 1, 630 6, 118, 000 10.0 91 9 
2 23 
| 5 L. D. x 4 6, 010 2, 468 5, 830, 000 10.4 79 21 
:| lL. D 7 5, 780 1. 619 6, 878, 000 12.6 89 ll 
| 5 L. D. x 2 3, 850 971 6, 900, 000 13.3 80 2 
2 
Run 2 injected I. P 5 | L. D.s 4 5, 180 1,399 6, 370, 000 12.4 83 17 
2 4 
| 5 L. D.;s 2 3, 100 SU6 7, 804, 000 13.6 67 3 
5| L. D.s 4 5, 850 1,367.) 7, 148, 000 13.4 67 33 
| 5 L. D. x 2 7, 500 1,117 7, 444, 000 13.2 S3 17 
U 
15 | Ethyl N-o-chlorophenylearbamate 5 | _L. D. x 4 6, 580 1,968 6, 832, 000 13.3 SS 12 
> 95 
| 5; L. D.s 2 7, 880 1, 031 7, 764, 000 13.3 74 2h 
\ §5| LD 4 6, 860 2, 546 7, 070, 000 13.5 85 15 
| 5 L. D 2 6, 230 425 6, 700, 000 12.8 7s 2 
9 
16 | Ethyl N-m-chlorophenylcarbamate 5) L.D is 4 5, 680 1, 082 6, 880, 000 12.5 87 13 
2 26 
| 5|L.D 2 7, 000 1, 867 6, 784, 000 12.0 78 | 
5 L. D. 4 4, 990 1, 206 6, 358, 000 12.2 79 
| 5| L. D.x 2 3, 910 618 6, 658, 000 13.0 86 M4 
» 
1% N-Carbethoxymorpholine 5| L.D 4 4, 350 1,850 6, 710, 000 12.5 83 17 | 
9 7 
| 5| L. D. x 2 3, 040 R84 6, 944, 000 12.9 56 4 
5| L.D.s 4 3, 970 1, 487 5, 810, 000 12.4 69 31 
| 5 L. D. 2 5, 480 2, 120 6, 616, 000 13. 2 S4 le 
>» 
19 | Ethyl N,N-diethylearbamate §5| L. D.s» a 5, 450 910 6, 812, 000 13.5 86 l4 
9 
| §| L. D.s 2 4, 550 1, 100 6, 900, 000 13.7 88 2 
5§| L. D.s 4 580 180 6, 248, 000 13.1 93 7 
| 5 | L. D. x 2 4, 320 sY2 6, 672, 000 13.4 89 ll 
u 
a Ethyl N,N-bis-(8 hloroethyl -carbamate 5 L. D i 4 3, 840 2, 679 6, 714, 000 13.1 4 16 
u 
| 4; L. D.» 2 2, 450 735 ~—s-6, 223, 000 12. 6 92 8 
5| L. D. x 1 3, 570 2, 073 6, 132, 000 12.6 87 13 
| 5 | L.D. » 2 2, 810 217 ~—s«6, 594, 000 13.1 91 9 . 
> 5 
21) Ethyl N,N-dipropylearbamate 5 | L. D. » : 4 3, 380 275 5, 480, 000 10.9 88 12 
9 a 
| 5 | L. D. so 2 3, 070 840 | 6, 136, 000 12.9 93 7 
5 | L. D. 50 4 3, 320 249 | 7, 552, 000 13.4 8i WY —— 
effects 
The r 
table , 
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TABLE 4.—Hematologic screening data—Continued 
t f P 
Differential count 
Days epee, mes 
: . Number : eiiaas Mean RO Mean Mean 
ler No Compound ofanimals| 20 _ after wBc | J WBC RBC Hb Non- ' 
vtas injection pranular 2 Granular 
} leukocytes | leukocytes 
. Pe Grams Percent Percent 
| 5| LD.» 2 3,170 677 | 6,720,000 | 12.7 80 x 
13 2 | 
22 | Ethyl N, N-dibutylearbamati 5| L - 4 3, 080 383 | 6,460, 000 12.3 82 18 
12 « 
17 | &§| L.D.s 2 1, 950 764 | 6,616,000 12.5 71 | 29 
Si Ds 4 2, 150 495 | 6,728, 000 12.6 84 | 16 
12 
| 5 L. D. 5 4 4, 580 2, 502 6, 708, 000 12.5 81 | 19 
| 
9 2 
23. Ethyl-N-ethyl-N-phenylearbamate 5 |_L. D. « ‘ 5, 020 3, 040 7, 128, 000 12.3 89 | it 
21 2 
I | 5 L. D. 5 4 4, 080 1, 004 7, 244, 000 13.2 73 27 
5 L. D. 5 7 5, 490 2, 305 6, 370, 000 12.4 4 16 
») 
ss | 5| L.D.s 2 4, 570 866 | 7,518, 000 13.7 78 22 
17 : S: . ae : 
24 Ethyl N-phenyl-N-benzylearbamat 5 |_L a 4 , 110 945 | 7, 248, 000 13.2 77 | 23 
. | | ie 2 7,320 3,231 | 6,700,000} 13.4 70 | 30 
5| LD 4 4, 840 1, 524 7, 532, 000 13.2 91 | 9 
m 5| L.D.s { 4,510 2,317 | 6,764, 000 12.5 83 | 17 
“ | 2 
25 Ethy! thioncarbamate 5, L.D.s 7 5, 930 2,796 | 7,588, 000 13.1 78 22 
i! | 5| L.D 4) 6,920) 2,561 | 6,870,000} 12.3 67 33 
5; LD 7 5, 150 1,647 | 6, 142, 000 11.4 79 | 21 
os | §| LD 2 5, 860 1,887 7,700,000 14.3 81 | 19 
13 2 
26 Ethyl N-ethylthioncarbamate }) LD. ‘ 60 1,477 | 6,208,000) 126 a 9 
l 2 
* | 5| L.D.s 2 5, 340 1, 839 7, 592, 000 14.0 80 20 
5 L. D 4 3, 340 410 6, 596, 000 13.5 93 7 
4 
| 5 L. D 2 4,700 1, 320 6, 404, 000 13.5 S4 16 
17 2 
7 | Ethyl N-phenylthioncarbamate 5 1. D 4 6, 350 759 6, 726, 000 13.5 86 | 14 
i 2 
i | 5| LD 2 3, 170 139 13.4 65 35 
5 L.D 4 6, 300 263 14.5 95 5 
4 TaBLe 5.—The effect of potassium cyanate on hematopoiesis 
i Differential count 
(percent) 
Days Me: Me: Me: ——- 
il Number of mice Dose after : BC « WBC RBC . Hb l 
‘ injection oo ~ ad Granular 
leukocytes | leukocytes 
on Grams Percent Percent 
= 2 8, 010 1963 7, 230, 000 13.3 80 2 
‘ L. D. 
) = 4 8, 430 3969 6, 142, 000 12.3 85 15 
- L. D .x 2 7, 620 1339 6, 560, 000 13.0 91 9 
E L. D. » 4 7, 610 895 7, 180, 000 13.2 85 | 15 
effects of potassium cyanate on hematopoiesis. The general anesthetic activity of the carba- 
The results of these studies are summarized in mates under study, as observed during toxicity 
table 5. studies, is indicated in table 6. 
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Anesthetic action of carbamates 





lethargy 


No Compound 
L. D 

1 Methyl carbamate Slight lethargy for 2 hours 

2 Ethyl carbamate (urethan Anesthesia for up to 24 hours 

$ Propyl carbamate Anesthetic 

4 Butyl carbamate Anesthesia for about 2 hours 

5 | Ethyl N-methylearbamat Anesthetic 

6 Ethyl N-ethylearbamate do 

7 Ethyl N-6-hydroxyethylearbamate Anesthesia from 1-4 hours 

& Ethyl N-6-chloroethylcarbamate Lethargy, brief anesthesia 

9 | Ethyl N-n-propylearbamat« Anesthesia for about 14 

lowed by lethargy 
10 | Ethyl N-allylearbamate Loss of coordination, 
Brief anesthesia 

11 Ethyl N-isopropylearbamate Anesthesia for about 45 minutes 
12, Ethyl N-n-butylearbamat Anesthesia for about 'o hour 

13) N-Carbethoxyglycine ester Lethargy 

14| Ethyl N-phenylearbamate Anesthetic 

15 | Ethyl N-o-chlorophenylcarbamat« Lethargy. spastic convulsions 
16 ~=Ethyl N-m-chlorophenylearbamate Anesthesia up to 4 hours 

17 | N-Carbethoxypiperidine Anesthetic 

IS N-Carbethoxymorpholine Anesthesia up to 2 hours 

19 | Ethyl N,N-diethylearbamate Loss of coordination, lethargy 
20 Ethyl N, N-bis-(@-chloroethyl) car- Anesthesia up to 2 hours 

bamate 

21. Ethyl, N.N-dipropylcarbamate Stight lethargy 
22) Ethyl N,N-dibutylcarbamate Anesthesia up to 4 hours; tremors 
23. Ethyl N-ethyl-N-phenylearbamate Anesthetic; spastic convulsions 
24. ~Ethy! N-phenyl-N-benzylearbamat Spastic convulsions after 's hour 
25. Ethyl thioncarbamate Anesthesia up to 16 hours 
26 | Ethyl N-ethylthioncarbamate Anesthetic 
27. «~Ethy! N-phenylthionearbamat Anesthesia up to 24 hours 
2s Ethyl, N-carbethoxycarbamate Anesthetic 


hour fol- 


Pharmacologic response 


L. D.» 


) 


No apparent effect 
Anesthetic 
do 


Anesthesia for about !2 hour 


Anesthetic 
Lethargy 


Letha.gy 
do 


do_. 
do 


Anesthetic 


Lethargy, brief anesthesia 


Loss of coordination, slight leth- 


argy 
Loss of coordination 


Slight lethargy 
do 
Anesthetic 
No apparent effect 
Loss of coordination 
Loss of coordination, lethargy 
Anesthesia, spastic convulsions 


No apparent effect. 
Lethargy. 
Slight loss of 
lethargy. 
Slight loss of coordination. 


coordination and 


Loss of coordination, lethargy. 
No apparent effect. 


Do.. 


Do 


Do 


Do. 


No effects. 


Do. 
Do 


Loss of coordination, lethargy 
Slight lethargy 








DISCUSSION 


Several generalizations can be made with refer- 
ence to the effects of variation in the themical 
the the acute 
toxicity of the resulting molecule. Considering 
they may be 


structure of urethan nucleus on 
the substitution model referred to, 


listed as follows: 


(1) Inereasing the length of the carbon chain of the ester 
(R,) from methyl through butyl (R. and 
increases the toxicity of the resulting 


group 
R;=H) 
compound. 

(2) Substitution at the N (R». and R;; R; 
the toxicity of the urethan nucleus. 


C.H;) increases 

There were 2 

exceptions to this statement in the 28 carbamates 
tested. 

(3) The water soluble carbamates are less toxie than those 

sparingly soluble in water. 

(4) The toxicities of the monoalky! N-substituted ethyl 
carbamates increase with increase in the length of 
the the (Rs) 
methyl to butyl. 

Substitution of a sulfur atom for the carbonyl oxygen 


carbon chain of substituent from 


increases the toxicity of ethyl carbamates. 


Several other comparisons worthy of mention 
are also discussed. The addition of a chlorine 
atom at the terminal carbon of the N-ethyl group 
increased the toxicity of ethyl N-ethylearbamate 
while a similar addition of a hydroxyl group con- 
siderably lessened the toxicity of the molecule. 
It is interesting to note that ethyl N,N-bis-(é- 
chloroethyl) carbamate (a nonvesicant nitrogen 
mustard derivative) was less toxie than ethyl 
N,N-diethylearbamate. The toxicity of ethyl 
N-n-propylearbamate was not affected by sub- 
stitution of an unsaturated group (allyl) or a 
branched chain (isopropyl) for the straight chain 
propyl group. As a class, the aromatic N-sub- 
stituted carbamates not so toxic as the 
N,N-dialkyl substituted carbamates. 

Adverse solubility factors and low toxicity 
required the use of four vehicles in the present 
toxicity studies. Saline was the solvent of choice, 
and in the cases of the more toxic water insoluble 
compounds, a gum arabic suspension was used. 


were 


Propylene glycol was used in some of the less solu- 
ble compounds; however, even in quantities no 
larger than 0.1 ec., it was suspected of contributing 
slightly to the toxicity of the test compound. 
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Peanut oil is nontoxic, but it appears to have 
lessened considerably the toxicity of compounds 
dissolved therein, cf. compounds 22 and 27, 
table 1. 

Perhaps the most interesting observation of the 
present study is the lessening or complete nega- 
tion of the leukopenic action of urethan resulting 


from changes in the ester group (R,). Methyl 
carbamate, which lacks anesthetic power and 


mitotic poisoning action in the crypts of Lieber- 
kuhn (Dustin), also failed to depress significantly 
the leukocyte count in normal mice even at high 
We found that methyl carbamate was 
ineffective in prolonging the lives of mice with 
induced chloroleukemia 1394. Ethyl carbamate 
increased the life span of mice with this type of my- 
eloid leukemia by 50 to 100 percent.’ Propyl carba- 
mate and butyl carbamate were much less leuko- 
penic than ethyl carbamate when injected at 
comparable fractions of their respective L. D.59 
levels, 


doses. 


Although both of these compounds are 
anesthetic, neither possessed the ability to increase 
the life span of mice with chloroleukemia 1394.8 

It is apparent from table 4 that substitution at 
the N (Ro, R;) did not necessarily lessen or destroy 
the leukopenic action of ethyl carbamate. A 
number of ethyl N-substituted carbamates have 
been found which were very effective leukopenic 
agents. In order of activity, they are ethyl N,N- 
dibutylearbamate; ethyl N, N-dipropylearbamate; 
ethyl N, N-bis-(8-chloroethyl) carbamate; ethyl 
N-methylearbamate; | N-carbethoxymorpholine; 
ethyl N-phenylcarbamate; ethyl N-hydroxyethyl- 
carbamate; ethyl N-n-propylcarbamate; ethyl N- 
phenylthioncarbamate; ethyl N-ethylthioncarb- 
amate. This comparison was made at dosages 
based on individual toxicities. On a mole basis, 
it is probable that a number of these compounds 
are more leukopenic than urethan. The uniform 
activity of the N,N-dialkyl carbamates, i. e., ethyl 
N,N-diethyl, ethyl N,N-dipropyl, and ethyl N,N- 
dibutylearbamate, is worthy of special mention. 
This general structure will receive further atten- 
tion. The urethan from nitrogen mustard (ethyl 
N, N-bis-(8-chloroethyl) carbamate) which is a 
very effective leukopenic agent is of especial inter- 
est. The foregoing compounds along with a num- 
ber of the nonleukotoxic carbamates are being 


18 Unpublished data, this laboratory. 


assayed for antileukemic action in mice in this 
laboratory and collaborating laboratories. 

From the statistical point of view, it is con- 
sidered that any of the mean blood values among 
treated animals presented in table 4, which vary 
from the control mean by more than three stand- 
ard deviations (especially when that value is sup- 
ported by other determinations and is self-con- 
sistent), is probably significant. 

Concerning the action of ethyl carbamate on the 
hemograms of mice, our data are in qualitative 
agreement with that which Hawkins and Murphy 
(2) obtained after injection of 1,000 mg./kilograms 
of this compound into rabbits. Two days after 
injection of 1,800 mg./kilograms of ethyl carbam- 
ate, we obtained a relative increase in the granular 
blood elements with an absolute decrease in 
lymphocytes and the total leukocyte count. How- 
ever, at 900 mg./kilograms this reversal was not 
noted at 2 days, and in the higher dosage, the 
differential counts had returned to a normal dis- 
tribution by 4 days. 

It is apparent from the lack of any leukotoxic 
power of potassium cyanate that although this 
compound is a strong mitotic poison and is hyp- 
notice in nonlethal doses, it is not the leukopenic 
factor of urethan. In our hands, potassium cya- 
nate has failed to increase significantly the life span 
of leukemic mice (chloroleukemia 1394 and a 
transmissible lymphoid leukemia). 

Concerning the anesthetic activity of the com- 
pounds studied, it is interesting to note that most 
Methyl 
carbamate which has been inactive with respect to 
leukopenic action, antileukemic action, and mi- 
totic poisoning of intestinal crypt cells has no 
anesthetic activity at the L. D.59. 

The present series of carbamates has shown, in 
the hematopoietic system, a cytotoxic specificity 
for leukocytes, the erythropoetic mechanisms 
apparently being little affected. Ethyl carbamate 
(urethan) was the only one of the series which 
showed a statistically significant reversal of the 
differential picture under the conditions of test. 
Other carbamates might have shown this reversal 
had the period of first observation been after a 
shorter interval. Trends toward an initial speci- 
ficity for lymphocyte depression were seen in the 
differential blood studies on ethyl N-phenyl- 
carbamate and N-carbethoxymorpholine. 


of them possess some power of narcosis. 
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SUMMARY 


Toxicologic and hematologic studies were car- 
ried out on a series of carbamates consisting of 27 
compounds closely related to urethan. 

It was found that increasing the carbon chain 
of the ester group (from methyl through butyl) or 
substitution at the nitrogen position increased the 
toxicity of the resulting compound. Substitution 
of sulfur for the carbonyl oxygen increased the 
toxicity of the parent carbamates. 

Three variations of the ester group of urethan 
were accompanied by lessening or negation of the 
leukopenic action of the molecule. A number of 
N-substituted carbamates with pronounced leu- 


kopenic action at nonlethal doses were uncovered: 
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bamate; ethyl N-methylcarbamate ; N-carbethoxy- 
morpholine; ethyl N-phenylearbamate; ethyl N- 
hydroxyethylearbamate; ethyl N-n-propylearba- 
mate; ethyl N-phenylthioncarbamate; ethyl N- 
ethylthioncarbamate. 

Potassium cyanate was not found to be leuko- 
penic under the conditions of assay. 

Ethyl carbamate (urethan) was the only one of 
the series studied which caused a statistically sig- 
nificant reversal of the differential leukocyte pic- 
ture at 2 days after injection. However, ethyl N- 
phenylearbamate and N-carbethoxymorpholine 
tended in the direction of early preferential lym- 
phocyte depression. 
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FURTHER STUDIES ON THE RELATION OF THE MAMMARY-TUMOR AGENT 
TO MAMMARY TUMORS OF HYBRID MICE! 


By Howarp B. ANpDERVONT, biologist, and THetma B. Dunn, pathologist, National Cancer Institute, National Institute 
of Health, Public Health Service 


INTRODUCTION 

In a previous experiment (/), F,; hybrid females 
born to low-mammary-tumor strain C females and 
high-mammary-tumor-strain C3H males showed 
a mammary-tumor incidence of 60 percent. This 
result was not in harmony with those usually 
attending the mating of low-mammary-tumor 
strain females and high-mammary-tumor-strain 
males. Indeed, the discovery of the mouse mam- 
mary-tumor agent stemmed from the knowledge 
that following reciprocal breeding between inbred 
strains with high and low mammary tumor rates, 
mice born to high-tumor-strain mothers developed 
mammary tumors whereas those born to low- 
tumor-strain mothers were relatively free of 
tumors. 

Another equivocal result of the earlier work was 
the paucity of mammary tumors in susceptible I 
x C3H F, hybrids (2, 3, 4) which were suckled by 
the C mothers of the C X C3H F, hybrids. This 
finding suggested that the agent was not in the 
milk of strain C, but it was conceivable that the C 
mice carried a weak agent and the C xk C3H 
hybrids were more susceptible than the I * C3H 
animals. 

A series of investigations was started to reveal, 
if possible, a mammary-tumor agent in strain C 
females. The results of some of these studies 
have been reported. Agent-free-strain C3H fe- 
males and their brothers were foster nursed by 
strain C females and then mated. These mice 
and three generations of their descendants did not 
show a higher mammary tumor incidence than 
the agent-free C3H mice (5). If strain C milk 
contained an agent, its activity was not enhanced 
by passage through highly susceptible C3H mice. 
Attempts to reveal the agent by removing a hypo- 
thetical inhibitor from strain C milk were also 
unsuccessful (5). 

This paper reports further efforts to detect an 
agent in strain C milk. These experiments were 
started immediately after the earlier work (1) was 
completed, and their purpose was to repeat the 
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experiment and to test for the presence of a 
mammary-tumor agent in the C X C3H hybrids 
by appropriate breeding procedures. If the C X 
C3H hybrids acquired a weak agent from their 
strain, C mothers, or if the agent arose in the 
hybrids, then backcross offspring derived from 
the hybrids and strain C3H males should be 
susceptible to the agent and should develop 
tumors. If the genetic constitution of the C x 
C3H hybrids made them susceptible to the agent 
or conducive to its activation then brother-to- 
sister mating of the hybrids and their descendants 
might produce a few heterozygous animals, which 
would be either highly susceptible to the agent or 
capable of enhancing its activity to a high degree. 
Briefly, the experiments were designed to utilize 
the genetic constitutions of descendants of C 
females and C3H males to reveal or activate a 
relatively weak agent supposedly harbored by 
strain C. 

With this end in view, two experiments were 
performed in which backcross offspring were 
procured by mating C * C3H hybrid females to 
C3H males. The backcross mice served as test 
animals for the presence of the agent in the milk 
of their hybrid mothers. Should tumors appear 
in backcross animals born both before and after 
their hybrid mothers developed tumors, it would 
suggest that the hybrids obtained the agent from 
their C mothers in early life. Should tumors 
arise only in those backcross mice born after the 
hybrids developed tumors, it would suggest that 
the agent was activated in the hybrids or pro- 
duced in their tissues. 

A third experiment was carried out in which the 
C X C3H hybrids and subsequent generations 
were bred brother-to-sister to procure heterozy- 
gous animals, which should reflect the importance 
of the genetic background of the animal in either 
the propagation or activation of the agent. 


MATERIALS AND METHODS 


All mice were raised in this laboratory. Strain 
C females and strain C3H males were used to 
89 
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procure the experimental animals. The origin 
and tumor incidence of strain C were presented 
in a recent paper; breeding females show a 
mammary-tumor incidence of less than 1 percent 
at an average age of 22 months (5). Breeding 
strain C3H females exhibited a mammary-tumor 
incidence of 91 percent at a mean age of 8.5 
months (6). The mammary-tumor agent is 
carried by both male and female strain C3H 
animals; and recent results indicated that the 
agent is present in the seminal vesicles and their 
contents (7). Since this finding suggested the 
possibility that C3H males may transmit the 
agent to C females, it was decided to use some 
males from the agent-free line of strain C3H. 
The establishment of this line was described 
previously (7); breeding females have a mammary- 
tumor incidence of 3 percent at an average age of 
22 months. Animals from this line are designated 
herein as C3H—. 

A uniform procedure was employed to test for 
the presence of the agent in tumor extracts. One 
gram of tumor tissue was ground thoroughly with 
sand, diluted in 5 ce. of distilled water, and 0.1 ce. 
of the extract injected intraperitoneally into 7- to 
14-day-old mice. Test animals were 1 & C3H 
F, hybrids, strain C, or female C3H— mice, all 
of which were known to be susceptible to the agent. 

Foster nursing was employed to detect the 
agent in the milk of some mice. The test animals 
were newborn I & C3H or C3H— females which 
were suckled by their foster mothers soon after 
birth and were kept with them throughout the 
entire lactation period. 

All test mice were mated when 2 months old, 
and each produced one litter, which was removed 
from the mother soon after birth. All were kept 
until at least 18 months of age. 

Mice under observation for the appearance of 
tumors were kept eight in a cage (8) and were 
examined every other week for palpable mammary 
tumors. All animals were maintained under simi- 
lar environmental conditions, with an unlimited 
supply of tap water and Purina laboratory chow 
pellets. 

Histologic sections were prepared from every 
tumor arising in F, offspring born to C mothers 
and C3H or C3H— fathers and from the majority 
of the other mice. The tissues were fixed in Tellyes- 
niczky’s fluid (2 parts formol, 20 parts 70 percent 


alcohol, and 1 part acetic acid) and stained with 
hematoxylin and eosin. Virtually all tumors fell 
into the two general types described in a previous 
paper (7). The first, designated as type I, re- 
produced mammary acini and were the typical 
mammary tumors encountered in high-mammary- 
tumor strains of mice. The second, designated as 
type II, showed dilation of ducts and proliferation 
of epithelial cells and acini in a relatively abundant 
stroma. The malignancy of this type of growth 
has not been established. 


EXPERIMENTAL PROCEDURE AND RESULTS 
EXPERIMENT 1 

The experiment was started by mating twenty 
2-month old strain C females to three C3H males 
or two C3H— males which were 6 months of age. 
All females belonged to first litters born to 10 
strain C colony females. The matings were so 
arranged that C female litter mates were bred to 
different C3H or C3H— males; all of some litters 
were mated either to C3H or to C3H— males, 
and others were divided between C3H or C3H— 
males (table 2). Offspring born to these mice 
were (C X C3H)F, or (C X C3H—)F, hybrids 
and are designated herein as C X C3H and 
C X C3H— hybrids, respectively, or as F, hybrids. 

When their first litters were weaned, the strain 
C females were bred to their brothers to obtain a 
group of control strain C mice from these C 
females. 

After weaning their litters of inbred C mice, 
the C females were again bred to C3H or C3H— 
males to procure hybrids for experiment 3. Thus, 
the majority of the strain C femeles of this experi- 
ment reised three litters apiece. They were then 
kept under observation until death. They lived 
to a mean age of 15 months, and none developed 
a Mammary tumor. 

When 2 months of age, the C * C3H hybrids 
were bred to C3H males; and the C « C3H— 
hybrids were bred to C3H— males to procure the 
backcross generation. They raised their first two 
or three litters and were then kept with males 
continuously ; subsequent litters were killed shortly 
after birth. Each F, hybrid cast from three to six 
litters. At approximarely 1 year of age, they were 
removed from males and placed under observation. 

When the backcross mice were born toC  C3H 
or C X C3H— females the litters were reduced to 
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five mice; and when they were weaned, only two 
females were kept from each litter. When the 
backcross females were 2 months old, they were 
bred to a similar backcross male, and each bore one 
or three litters; those bearing three litters did so in 
rapid succession since they were kept with males 
continuously, and the litters were killed soon after 
birth. They were then set aside and watched for 
the appearance of breast tumors. 

Backcross animals obtained by mating C X C3H 
F, females to C3H males were (CC3H & C3H) BC 
animals and are designated hereafter as C3HBC. 
Those procured by mating C & C3H— F, females 
to C3H— males were (CC3H— x C3H—) BC 
animals and are designated as C3H—BC. 

The occurrence of mammary tumors is sum- 
marized in table 1. The C  C3H hybrids showed 
an incidence of 43 percent at an average of 22 
months; this incidence approached that of 60 per- 
cent at an average age of 22 months inC & C3H 
hybrids of the earlier experiment (J). The C X 
C3H— hybrids showed an incidence of only 19 
percent. 

TABLE 1.—Experiment 1. Occurrence of mammary tumors in 

F, mice derived by mating 2-month-old C females to C3H 

or C3H— males and then to their C brothers and in back- 


cross mice obtained by mating the F; hybrid females to 
C3H or C3H— males 





Average age Average age 


Number Tumor at which at death 


Derivation of mice 





of mice incidence tumors without 

occurred tumor 

Percent Months Months 
C X C3H 30 43 22 23 
C x C3H— 32 19 25 25 
cx 51 } 22 20 
C3HBC 115 18 20 23 
C3H-—BC 143 8 22 22 

rT’ « « © 

The C C3H and C C3H— hybrids cast 


from 3 to 6 litters apiece. Of these born to C3H 
fathers, 9 had 3 litters, and 2 developed tumors; 
9 had 4 litters, and 3 developed tumors; 9 had 5 
litters, and 6 developed tumors; 3 had 6 litters, 
and 2 developed tumors. Of those born to C3H — 
fathers, 4 had 3 litters, and 2 developed tumors; 
12 had 4 litters, and 1 developed a tumor; 12 had 
5 litters, and 3 developed tumors; 4 had 6 litters, 
and none developed a tumor. The difference in 
tumor rates between those born to C3H or C3H— 
fathers, therefore, was not due to a difference in 
hormonal stimulation. 

The control C mice were not bred, but each, 
when 2 to 3 months of age, received subcutaneously 


a pellet of 10-percent stilbestrol in cholesterol 
weighing approximately 3 mg. Of 51 mice, only 
2 developed tumors, one when 21 months and the 
other when 24 months old. One was born to a 
strain C female that had been mated previously 
to a C3H male and 1 to a C female that had been 
mated previously to a C3H— male. Both tumors 
were diagnosed as type II growths. These strain 
C mice were procured to ascertain whether their 
mothers had acquired the agent through contact 
with C3H males. The results indicate that if 
mating with C3H males infected the C mothers, 
the agent was not carried in their milk. 

The C3HBC mice exhibited a tumor incidence 
of 18 percent and the C3H—BC an incidence of 8 
percent. These mice bore 1 or 3 litters apiece. 
Of those born to C3H fathers (C3HBC) 57 had 1 
litter apiece, and 9 developed tumors; 58 had 3 
litters apiece, and 12 developed tumors. Of those 
born to C3H— fathers (C3H—BC) 61 had 1 litter 
apiece, and 2 developed tumors, whereas 82 had 
3 litters apiece, and 9 developed tumors. 

These backcross mice were the most important 
animals of the experiment because if a weak agent 
in the milk of strain C was activated in their 
C x C3H or C x C3H— offspring, then the back- 
cross mice could be expected to develop tumors 
because they inherited a relatively high degree of 
susceptibility to the agent from their C3H fathers. 
However, both backcross groups exhibited a lower 
tumor incidence than did their C x C3H or 
C x C3H— mothers. 

As stated previously, it was planned to test the 
milk of F, hybrid females for the presence of the 
agent after they had acquired tumors by permit- 
ting them to bear another litter, but none devel- 
oped a tumor during the reproductive period. 
The first tumors arose in 15-month-old mice. At- 
tempts were made to utilize 3 C & C3H mice that 
acquired tumors when 15 to 17 months old. The 
tumors were removed and the mice bred, but none 
gave birth to a litter; two had recurrences, and the 
other developed a breast tumor at another site. 
A tumor was also removed from a C3HBC mouse 
that developed a tumor when 9 months old, but 
she failed to litter and died with a recurrence of 
her tumor. 

Six tumors (one from a C X C3H— bybrid, four 
from C3HBC mice and one from a C3H—BC 
mouse) were tested for the presence of the agent 
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by administration of extracts to appropriate mice. 
None produced tumors in the test animals. 

Table 2 summarizes the distribution of tumors in 
the C  C3H and C * C3H— hybrids according 
to strain C mothers and in the backcross mice, 
according to the presence of tumors in their 
C < C3H or C X C3H— hybrid mothers. The F; 
hybrids were from the first litters born to the strain 
C females and the backcross animals the first two 
or three litters born to the F, hybrid females. The 
occurrence of tumors in the C XX C3H hybrids, 
as in the earlier experiment (1), was not limited to 
certain strain C mothers. It is also seen that the 
occurrence of tumors in the backcross mice was 
independent of the tendency of their F, hybrid 
mothers to develop tumors. The nearest approach 
to an inherited tendency occurred in the young 
born to C & C3H mother No. 22. She developed 
a tumor when 15 months old. The two backcross 
offspring in her first litter developed tumors at an 
average age of 18 months, and of two offspring in 
her second litter, one developed a tumor when 22 
months old; the other died tumor-free when 27 
months old. In contrast,C < C3H mother No. 41 
developed a tumor at the age of 16 months. She 
reared three litters each represented by two back- 


TABLE 2.—Experiment 1. 
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cross offspring: all six died without tumor at a 
mean age of 19 months. 

Tumors in the C3H—BC mice also appeared in 
a random manner. A partial family history of 
strain C mother No. 21 is presented because her 
progeny developed 4 of 10 tumors found in a 
group of 115 C3H—BC animals. Mouse No. 21 
reared 5C X C3H—'females, 2 of which developed 
tumors when 26 and 30 months old, and 3 died 
tumor-free at the ages of 11, 14, and 26 months. 
The 2 tumor-bearing mice raised a total of 8 
young that lived to an average age of 20 months 
without developing tumors. Three of the tumor- 
bearing C3H—BC mice were born to the C X 
C3H— female that died when 26 months old. 
The 2 females saved from her first litter developed 
tumors at the ages of 23 and 26 months, but the 2 
from her second litter died tumor-free at the ages 
of 16 and 22 months. One of her third litter be- 
came tumorous when 21 months old,’and the other 
died at the age of 13 months. 

Analysis of the data failed to reveal an increase 
in the incidence of tumors in the backcross mice 
according to the number of litters born to their 
F, hybrid mothers. Tumors arose in 21 of 115 
mice of the C3HBC generation; 12 were in 50 


Distribution of tumors in F, hybrids according to litters and in backcross mice according to tendencies 





of their F, mothers to develop tumors 





F; C3HBC F; C3H—BC 
Strain C Born to F; mothers | Born to F; mothers Born to F; mothers | Born to F; mothers 
mother- C X C3H that developed that did not de- C X C3H- that developed that did not de- 
Mother-No. in No. in tumors velop tumors tumors velop tumors 
strain C colony ! experi- = oe ee = ES SES ane ee ee 
ment 
No. 1 Number Number Number Number Number | Number 
Number | develop- | Number develop- | Number | develop- | Number | develop- | Number | develop- | Number | develop- 
of mice ing of mice ing of mice ing of mice ing | of mice ing | of mice ing 
tumors tumors tumors | tumors tumors tumors 
SAS 3 2 0 10 1 ® 
892 1 3 2 Ss 1 4 2 
SY2 5 0 4 ° 
x93 21 5 2 8 0 13 4 
nu 15 2 0 12 1 
SUF 16 4 0 14 l 
sv 17 -| 2 1 6 1 4 0 
8U5 2 } 1 4 1 12 3 ‘ . ‘ 5 
U5 6 3 1 4 1 8 1 aie . 
U6 20 3 1 6 1 10 2 
901 12 3 1 4 1 5 0 : P . mn 
wl 18 4 1 4 0 12 1 
YA 4 3 1 4 3 7 0 — ‘ pou dsikinketael netsieee . 
4 7 4 2 10 1 7 0 
Wd cy) 2 2 6 2 RS REET! NERA? SEARS LEN Wee ‘ 
905 19 3 1 4 0 9 0 
906 s 1 0 2 = = ae Ree 
906 10 ) 3 12 0 6 2 hinboduiaieddston om 
906 13 2 0 9 | 1 
906 14 7 0 32 | 0 
Totals 30 13 52 10 63 ll 32 6 28 2 115 10 





! These mice lived to an average age of 23 months, and none developed a mammary tumor. 
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mice belonging to first litters, 8 in 49 mice belong- 
ing to second litters, and 1 in 16 mice belonging to 
third litters. 

The results of this experiment indicate that if a 
mammary-tumor agent was present in female 
hybrids derived from strain C females and strain 
C3H males, it did not produce a high incidence of 
tumors in their progeny. 


EXPERIMENT 2 


One purpose of experiment 2 was to ascertain 
whether the tumor rate in F, hybrids was in- 
fluenced by the age of their strain C mothers when 
they gave birth to the hybrids. Bittner (9) re- 
ported that the agent may vary in concentration 
during the reproductive period of the mouse be- 
cause he noted a higher incidence of tumors in the 
offspring of third and fourth litters than in those 
of the first and second litters. Furthermore, the 
relatively high incidence of 60 percent tumors in 
the earlier investigation (1) was shown by C X 
C3H hybrids born to 19 strain C colony femeles, 5 
to 10 months old, each of which had reared from 
1 to 3 litters of strain C offspring before mating 
with a C3H male. Hence, the breeding proce- 
dures of experiment 1 were followed in this experi- 
ment with the exception that older strain C fe- 
males were used. 

The experiment started by mating twelve 11- to 
12-month-old strain C colony females to the same 
C3H or C3H— males used in experiment 1. The 
C females represented seven litters, and each had 
raised two or three litters of C offspring. The 
matings were arranged so that litter mates were 
divided between C3H or C3H— males. After 
weaning their litters, the strain C females were 
kept under observation for the appearance of 
tumors. 

Breeding of the C X C3H or C X C3H— hy- 
brids as well as their backcross progeny was carried 
out as in experiment 1; each F, hybrid bore from 
three to six litters, and each backcross mouse bore 
one or three litters. 

The occurrence and distribution of mammary 
tumors are summarized in tables 3 and 4. The 
parent strain C mice lived to an average age of 20 
months, and none developed a tumor. The 
C x C3H hybrids exhibited a tumor incidence of 
45 percent at an average age of 16 months, and 
their backcross offspring an incidence of 24 percent 


at an average age of 15 months. None of the 
C X C3H— hybrids developed a tumor, and of 
their 41 backcross offspring only 3 developed 
tumors. 


TABLE 3.— Experiment 2. Occurrence of mammary tumors 
in F, hybrids derived by mating 11- to 12-month-old C 
females to C3H or C3H—males and in backcross mice 
obtained by mating the F; hybrid females to C3H or C3H— 
males 





Average age Average age 





=e Number | Tumor | at which at death 

Derivation of mice |incidence| tumors without 

occurred tumor 

Percent Months Months 
C X C3H 20 45 16 26 
C x C3H— 11 0 25 
C3HBC 85 24 15 23 
C3H—BC 41 7 24 23 





The low average age at which tumors arose in 
the C < C3H and C3HBC animals of this experi- 
ment in contrast with mice of corresponding 
derivation in experiment 1 was due partially at 
least to the early appearance of tumors in two 
C xX C3H hybrids and in their nine C3HBC 
descendants. All mice of this experiment that 
developed tumors when less than 1 year of age 
belonged to this line. 

Strain C colony female No. 866 was the maternal 
ancestor of the line. As seen in table 4, a litter 
mate (No. 867) was bred to a C3H— male and 
gave birth to three C & C3H— hybrids: all died 
tumor-free at a mean age of 25 months. Mouse 
No. 866 was outcrossed to a C3H male and pro- 
duced three C  C3H female offspring, two of 
which, Nos. 13 and 14, developed mammary 
tumors at the ages of 10 and 8 months, respec- 
tively. Both were bred to C3H males. Mouse 
No. 13 raised two litters of C3HBC mice each of 
which contained two females: all four developed 
mammary tumors at an average age of 7 months. 
Mouse No. 14 also raised two C3HBC litters that 
contained five females, and all developed tumors 
at a mean age of 9 months. Two C3HBC females 
suckled four appropriate test animals all of which - 
developed mammary tumors when 4 to 7 months 
of age. Obviously the milk of C * C3H hybrids 
Nos. 13 and 14 carried a mammary-tumor agent. 

Attention is directed to the litter mate (No. 12) 
of mice Nos. 13 and 14. She died when 25 months 
old without developing a tumor. She was mated 
to the same C3H male as were her sisters and 
produced four litters. Four C3HBC animals were 
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TABLE 4.— Frperiment 2. 


Distribution of tumors in F, hybrids according to litters and in backcross mice according to tend- 


encies of their F, mothers to develop tumors 





F C3HBC F; C3H-—BC 
_—— ; - Born to F; mothers | Born to F,; mothers : . Born to F; mothers 
‘of litter C X C3H that developed that did not devel- C X C3H- that did not devel- 
Strain C mother N« bo tumors op tumors op tumors 
orn to 
C female - - . - 
Number —_ r | Number | Number | Number | Number | Number | Number | Number | Number 
of mice | Fe¥eloping | “of mice | feveloping | “of mice | e¥eloping | “of mice | developing | ‘of mice | Aeveloping 
tumors tumors tumors tumors tumors 
Sis 3 5 2 9 1 10 0 
N65 3 3 0 12 0 
sti} 4 3 2 i) i) 4 0 
ST 4 3 0 10 1 
872 4 2 0 5 1 
873 4 l 0 4 1 
875 4 1 1 4 0 
876 " 2 0 10 1 
S79 3 5 2 11 4 13 1 
ssl 3 1 0 4 0 
sh ; 2 2 9 2 
SAT 3 , 0 12 0 
rotals 20 9 42 16 43 2 11 0 41 3 





obtained from her first two litters and all died 
tumor-free at an average age of 25 months. There 
is no reason to assume that the tumor agent was 
present in the milk of mouse No. 12, despite the 
fact that the milk of her sisters carried an active 
agent. 

The tissues of C female No. 866 were not tested 
for the presence of a tumor agent because she died 
7 days after a subcutaneous nodule appeared in 
her daughter, No. 14. She had produced three 
litters of strain C mice prior to her litter of this 
experiment, but none were used to propagate the 
colony. However, five of her female progeny were 
used experimentally. They cast from one to three 
litters apiece and died at an average age of 22 
months, without developing tumors. This sug- 
gests that if mouse No. 866 acquired the agent, she 
did so after rearing her strain C litters. 

When the descendants of strain C No. 866 are 
excluded from the data of table 3, the tumor rate 
of the C C3H hybrids becomes 41 percent at 
an average age of 18 months, that of the C3HBC 
animals becomes 12 percent at a mean age of 22 
months. When the same mice are omitted from 
table 4, the distribution of tumors in the F, 
hybrids and backcross mice is similar to the results 
of experiment 1, namely, tumor-bearing F, hybrid 
mice are not limited to e few C strain mothers, 
nor are all tumor-bearing backcross mice born to 
tumor-bearing F, hybrid mothers. 

Efforts were made to remove the tumors from 
and to breed four C X C3H mice developing tumors 


before 15 months of age. Three, including No. 13 
mentioned previously, did not breed or failed to 
raise their litters and had recurrences of their 
tumors. One attempt, however, was successful. 
C < C3H hybrid No. 16 reared two litters of 
C3HBC young before developing a tumor when 
she was 12 months old; three of these young de- 
veloped tumors when 16, 22, and 23 months of 
age, and one died tumor-free when 26 months old. 
After removal of the tumor from hybrid No. 16, 
she gave birth to one more litter of C3HBC mice 
containing three females. These three mice, 
along with a fostered mouse, died without tumor 
when 19 months old. Apparently the milk of 
C < C3H No. 16 did not contain an active agent 
when she cast her last litter. 

Three tumors (1 from a C3H—BC mouse and 
two from C3HBC mice) were used to prepare 
extracts which were administered to appropriate 
test mice. None of the mice developed a tumor. 

The results of this experiment showed that 2 
mice born to a strain C female and a C3H male 
carried an active mammary-tumor agent in their 
milk, but attempts to detect an agent in the milk 
of 18 mice of the same hybrid derivation, including 
a litter mate of those carrying the agent, were 
unsuccessful. 

Distribution of tumors in the C x C3H or 
C x C3H— hybrids of experiment 1 and 2 accord- 
ing to fathers is presented in table 5. 

None of 25 offspring born to C3H— male No. 4 
developed a tumor. Tumor-bearing mice in the 
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TaBLE 5.—Enxperiments 1 and 2. Disiribution of tumors 
in F; hybrids according to C3H or C3H— fathers 





Num- 
F : Num- | ber de- 

mae : designs 
Strain C female No. | ! i ber of | velop- 
shat F; mice} ing tu- 


Experi- 
Male No. | ment 
No. 


mors 
C3H1 1] 1,2,3,4 C X C3H 12 4 
C3H1 2 | 887 C X C3H 3 0 
C3H2 1 | 5,6,7,8 C X C3H s 3 
C3H2 2 | 863, 866, 873, 875 C X C3H 10 5 
C3H3 1 | 9, 10, 12 C X C3H 10 6 
C3H3 2 | 879, 884 C X C3H 7 4 
C3H—4 1 | 13, 14, 15, 16 Cc x C3H- 15 0 
C3H—4 2 | 865, 867, 872, 876 Cc x C3H—- 10 0 
C3H—- 1 | 17, 18, 19, 20, 21 Cc xX C83H—- 17 6 
C3H—5 2 | 881 C X C3H- 1 0 





remaining offspring were not born to certain males. 
Strain C female No. 866, whose offspring carried 
a Mammary tumor agent, was bred to C3H male 
No. 2, but the tendency to develop tumors was no 
greater in the progeny of this male than in those 
born to the other two C3H males. 


EXPERIMENT 3 


Experiment 3 was begun by mating the strain 
C females of experiment 1 to C3H or C3H— 
males after they had borne litters to C3H or 
C3H— males and then to their C brothers. This 
mating produced another group of C « C3H or 
C3H— hybrids. These C * C3H orC x C3H— 
hybrids were mated brother to sister to procure 
the F,-hybrid generation, and these as well as 
succeeding generations were also mated inter se to 
obtain the F; and F, generations. Thus, the 
procedure varied from that of the two preceding 
investigations in the use of F, and subsequent 
hybrids instead of backcross mice as test animals 
for the presence of an agent in the C « C3H or 
C x C3H— F, hybrids. The primary object of 
the experiment was to ascertain whether the pro- 
duction of further generations of mice would pro- 
vide an occasional mouse with a genetic constitu- 
tion favorable to the activation of the agent. 

When the F, hybrids were 2 months old, they 
were bred to their brothers and permitted to raise 
their first litters of F, hybrids. They were then 
kept with their brothers continuously and deprived 
of succeeding litters within 24 hours after birth. 
Each produced from four to eight litters and was 
then placed under observation. 

A considerable number of F, generation females 
were raised. Most of these were kept until 5 to 
6 months of age and then one female from each 
litter was mated to her brother to produce the 


F; generation. Thus, virtually all F, females 
raised one litter only. The purpose for this pro- 
cedure was to have available F, or F; generation 
mice for breeding when a mammary tumor arose 
in their F, generation ancestor. If at that time 
the F, descendant was too old to breed, the F; 
descendants were mated to obtain the F, genera- 
tion. It should be kept in mind that the experi- 
ment was designed primarily to activate a weak or 
latent agent. 

Presentation of the results to compare with 
those of the preceding experiments would be 
difficult if all the C * C3H F, hybrids and their 
progeny were included in the same tables, because 
a very active agent was found in one litter of four 
C X C3H hybrids and in their descendants. 
Therefore, the tumor data of this family are pre- 
sented separately. 

There were 46 F, hybrids in the experiment; the 
occurrence of mammary tumors in 42 of these 
and in their descendants is shown in table 6. 
Thirty-three C C3H F, hybrids showed a 
mammary-tumor incidence of 79 percent at an 
average age of 23 months. When the data were 
analyzed according to number of litters born, it 
was found that of 3, 8, 14, and 8 that bore 5, 6, 
7, and 8 litters, respectively, 2, 6, 10, and 8, 
respectively, developed mammary tumors. More 
intensive hormonal stimulation may have been 
responsible for the higher incidence of tumors in 
these mice than in the corresponding hybrids of 
the other two experiments. 


TABLE 6.—Experiment 3. Occurrence of mammary tumors 
in successive generations of hybrid mice derived from C 
fe males and C3H or C3H— males 





' Average Average 
: " Tumor age at age at 
Derivation and generation —— a4 inci- which death 
” . dence tumors without 
occurred | tumor 
Percent Months Months 
(C XK C3H) F; 33 79 23 24 
(C X C3H—)F; YW 11 28 26 
(C X C3H) F2-. 32 3 21 24 
(C X C3H—)F?2 - 9 11 27 22 
(C XK C3H)F; 53 8 19 | 21 
(C X C3H—)F; 10 10 21 | 22 
(C X C3H) F4-_- 43 0 18 
(C X C3H) Fs... 61 0 18 





Of nine C X C3H— F, hybrids only one devel- 
oped a tumor. Each of these females bore from 
six to eight litters: the tumor appeared in a mouse 
that had given birth to six litters. 
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Because the first tumor found in this group of F, The results are shown in table 8. Every descend- tum 
hybrids was in a 16-month-old mouse, no attempts ant of C & C3H hybrid No. 37 developed a tumor; mor 
were made to obtain subsequent litters. Five — the only descendant of C < C3H hybrid No. 38 T 
tumors from C  C3H hybrids were tested for an that did not develop a tumor died when 4 months tain 
agent by administration of tumor extracts to of ege. One F, descendant of C * C3H No. 39 bore 
appropriate mice, and none developed a tumor. died tumor free at the age of 21 months, and mor 
As seen in table 6, descendants of the F; hybrids _ another is living at the age of 23 months. died 
showed a low incidence of tumors. Most of these : one F. { 
: ‘ , Pat TABLE 7.—Experiment 3. Occurrence of mammary tumors : 
mice raised but one litter at a relatively late age; in hybrid mice of line No. 7 derived from a C female and mon 
survivors of the F,; generation were killed when C3H male 9m 
22 months old; those of the F, and F; generations , of tl 
5 . : y Average Average r 
were killed at the age of 18 months. Lack of Num- oe. Tumor) age at age at — Age of of | 
° ° ° Generation | ber of litters | inci- which death saath living 
hormonal stimulation, together with a shorter mice | HMters | dence | tumors | without | ric, | mice tum 
° ° ° occurred | tumor 
average life span, may have contributed to their RS Se OR, SEE) heii ewe ey De four 
low tumor rates. However, there was no reason , Percent) Months | Months Months dev 
. * 4 4 106 5.0 
to assume that they carried a mammary-tumor Fs 4 1 50 7.0 14 bor 
: . a 4 2 100 6.0 
agent. F2 5 3 100 8.0 the 
pam eo * - , m - P ° F; 7 4 85 8.0 18 
The remaining 4 C X C3H F, hybrids of this Fs 32 0 o4 9.9 24 mat 
R . . rs 27 1 100 10.7 
experiment were litter mates, and all developed F 52 1 86 9.5 13 5 R birt 
- ‘ *s 10 1 90 10.5 1 19 
mammary tumors at 4, 5, or 6 months of age. Fs 21 1 100 10.0 that 
The occurrence of tumors in these mice and in V 
‘ ° Yr a ‘ e 1 1 died at 4 months and 1 at 24 months. 
their descendants (line No. 7) is summarized in she 
table 7. Various members of this line foster The tumor data of descendants of C * C3H No. devi 
nursed 20 appropriate mice, all of which developed 40 are of interest and are presented in more Her 
tumors when 4 to 6 months of age. A mammary- detail. As seen in table 8, these mice developed to 
tumor agent was, therefore, present in the 4 fewer tumors and at a relatively later age than age 
C X C3H mice as well as in their descendants and, did the progeny of the other three C x C3H hvb 
according to the early average age at which tumors females. Furthermore, of six survivors -in line devi 
appeared in the F, generation and their offspring, No. 7, five are descendants of C * C3H No. 40. velo 
especially in the nonbreeding mice of the F; C X C3H No. 40 gave birth to her first litter of F, h 
generation, the agent was very active. The  F, hybrids when she was 2% months old. After 
higher average age at which tumors were noted raising this litter, she was transferred to a C3H Tari 
in the later generations may have been due to a male, bore two litters which were killed soon after 
lower activity of the agent or to the genetic birth, and developed a palpable tumor 6 days be- aeciaes 
constitutions of the animals. fore her fourth litter was born. She foster nursed 
Mice of line No. 7 were bred without selection. two mice with her last litter, and both acquired 
N 
mai 
TABLE 8.—Experiment 3. Distribution of tumors in line No. 7 according to (C C3H)F, ancestors 
Number of (C X C3H)F; hybrids 
No. 37 No. 38 No. 39 No. 40 1 7 
Generation 7 ~ | ’ Pra | os. _ ms ok . “en : 
Num- | Average Num- | Average Num- | Average 7 Num- | Average ne 15 
Num- ber age at Num- ber age at Num- ber age at — Num- ber age at —; = 
ber | devel- | which ber | devel- | which ber | devel- | which a ber | devel- | which | o¢ mice 17 
of mice| oped tumors ofmice| oped tumors ofmice| oped tumors livi - of mice| oped | tumors living 0 
tumor  oecurred tumor | oecurred tumor | occurred =e tumor | occurred 12 
- - — ——_—— ee | eee | ae -—_—_——— mene 18 
Months Months Months Months 4.. 
F2 7 7 6.9 4 4 8.8 4 4 6.0 0 5 12 8 0 9 
k 24 24 9.3 4 i) 11.0 14 14 8.6 0 12 10 14 0 19 
Fy 15 15 8.3 7 16 10.0 19 17 9.4 1 ll 7 12 4 g 
Fs 2 2 8.5 2 2 13.0 4 4 10.0 0 2 1 13 l 10 
Fs 4 4 9.0 3 3 11.0 10 10 9.6 0 4 4 il 0 
1 1 died at 4 months. ——— 
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tumors when 10 months of age. She was 5 
months old when her tumor arose. 

The first litter born to C * C3H No. 40 con- 
tained four female F, hybrids. One F; mouse 
bore four litters and died tumor-free when 18 
months old; her two nonbreeding F; offspring also 
died tumor-free when 24 months old. ‘The second 
F, female died without tumor at the age of 4 
months, and the third developed a tumor when 
9 months old; the four nonbreeding F; offspring 
of these mice developed tumors at an average age 
of 9 months. The fourth F, hybrid became 
tumorous at the age of 7 months; she supplied 
four breeding mice for the F; generation, and all 
developed tumors. Thus three of four F, hybrids 
born in the first litter of mouse No. 40 transmitted 
the agent to their offspring, but the fourth litter 
mate may not have done so because she gave 
birth to the only two F; generation mice (table 8) 
that failed to develop tumors. 

While C * C3H No. 40 reared her fourth litter 
she foster nursed two appropriate mice which 
developed tumors when 9 and 10 months old. 
Her litter contained one F, female that gave birth 
to but one litter and died without tumor at the 
age of 24 months. The F, mouse reared two F; 
hybrid females both of which raised one litter and 
developed typical type I tumors. One that de- 
veloped a tumor when 21 months old raised three 
F, hybrid females, one of which became tumorous 


TABLE 9.—Experiment 3. 
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when 19 months old, and the others are tumor-free 
at the age of 23 months. The other F; generation 
mouse developed her tumor when 22 months of 
age and raised two F, hybrid females, both of 
which are tumor-free at the age of 23 months. 

Of the mice listed in table 7, the two F, genera- 
tion mice that died without tumors at the ages of 
18 and 24 months, both mice of the F; generation 
that died tumor-free, four of the surviving mice 
of the F; generation and the only survivor of the 
F; generation were descendants of C « C3H No. 
40. Furthermore, four of the five survivors are 
descendants of a daughter of C * C3H No. 40 
that died tumor-free when 24 months old. The 
members of this family either obtained a weak 
agent from C < C3H hybrid No. 40 or their 
genetic make-up made them resistant to the agent. 
The disappearance or inactivation of the agent in 
genetically susceptible mice will receive con- 
sideration in a subsequent paper of this series. 

Table 9 summarizes the distribution of tumors 
in the F, hybrids and in their descendants accord- 
ing to their strain C maternal and C3H or C3H— 
paternal ancestry. When the members of line 
No. 7 are omitted from the table, it is seen that 
the occurrence of tumors in the F, generation was 
not confined to offspring of certain C females, 
and that few tumors appeared in subsequent 
generations. 

The data in table 9 can be used to ascertain 


Occurrence of mammary tumors in hybrid mice derived from strain C maternal and C3H or C3H— 


paternal ancestry 





C3H paternal ancestry 


Generation 


No. of strain C 


C3H — paternal ancestry 


Generation 


maternal ancestor F; F, F F, F; F2 F; 

Num- Number, Num- Number Num- Number’) Num- | Number) Num- | Number) Num- Number Num- | Number 
ber of developed! ber of developed ber of developed ber of developed) ber of developed) ber of developed) ber of developed 
mice tumor mice tumor mice tumor mice tumor mice tumor mice tumor mice tumor 

1 2 2 2 0 4 0 7 0 

5 3 2 3 0 6 1 4 0 

21 3 0 3 0 6 0 

15 4 3 3 1 ) 0 5 0 

16 4 4 5 0 11 0 13 1 

17 3 0 3 0 3 0 

20 4 3 4 0 5 3 2 0 

12 3 3 3 0 1 0 4 0 

18 3 1 3 1 4 1 

4 3 3 3 0 3 0 3 0 

7 4 4 20 17 59 56 52 43 

9. 1 l l 0 2 0 

19 3 0 3 0 3 0 

s 4 4 4 0 6 0 6 0 

10 2 1 1 0 1 0 

Totals 37 30 52 18 112 60 95 ay i) 1 9 1 10 1 
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the influence of C3H and C3H— males on the 
occurrence of tumors in F, hybrids, because 
the same strain C females were maternal parents 
for the F, hybrids of experiment 1, as summarized 
in table 2. The C3H and C3H—males of experi- 
ment 1 were not used as breeders in experiment 3. 
Seven C females were bred to C3H males in both 
experiments; in experiment 1 tumors arose in 11 
of 21 F, hybrids, and in experiment 3 tumors 
occurred in 18 of 19 F, hybrids. As stated 
previously, the higher the latter 
group may have due to more intensive 
hormonal stimulation. Three C 
bred to C3H— males in both experiments; in 


) 


experiment 1, 3 of 9 F,; hybrids developed tumors, 
and in experiment 3 only 1 of 9 did so. Obviously, 
more hormonal stimulation of the 
hybrids did not raise the incidence in the latter 
group. Four strain C females (Nos. 15, 16, 20, and 
21) were bred to C3H— males in experiment 1 
and to C3H males in experiment 3. Of 14 F;, 
hybrids born to the C3H— males, 3 developed 
tumors, whereas of 15 born to C3H males, 10 
developed tumors. This suggests that the C3H 
males may have had influence on the 
occurrence of tumors in the F, hybrids. This 
aspect of the problem is receiving further study. 
The strain C (No. 7) of the line 
carrying & mammary-tumor agent supplied C 
C3H hybrids for both experiments 1 and 3. In 
experiment 1 (table 2) she raised 4 C C3H 
hybrids, of which 2 died without tumor at the 
ages of 17 and 29 months and 2 developed tumors 
when 16 and 17 months old. Both tumors were 
diagnosed as type I mammary tumors. The 
4 C & C3H hybrids raised 17 C3HBC mice, of 


which 16 died without tumor at an average age of 


incidence in 
been 


females were 


intensive 


some 


ancestor 


TABLE 10.—Occurrence of mammary tumors in C > 
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23 months and 1 developed a type I tumor at the 
age of 19 months. The tumor-bearing mouse was 
an offspring of a C & C3H hybrid that developed 
a tumor. 

In her next litter, C female No. 7 raised six 
strain C progeny, al] of which died tumor free at 
a mean age of 22 months. She was then bred to 
another C3H male and produced the four C x 
C3H hybrids of this experiment. She died 
tumor-free at the age of 14 months, just 2 months 
before the first tumor arose in her offspring. 
Thus, if C female No. 7 acquired a mammary- 
tumor agent, she did so after her second litter 
was born. 

The results of this experiment confirmed the 
occurrence of tumors in F, hybrids derived from 
strain C females and C3H males but showed 
that if a mammary-tumor agent was responsible 
for the appearance of these tumors, it was not 
activated in subsequent hybrid generations. How- 
ever, a very active agent was found in all female 
members of one litter of C C3H hybrids and 
was transmitted through their descendants. 


Tumors AccorRDING TO Microscopic 


APPEARANCE 


DISTRIBUTION OF 


The occurrence of mammary tumors in the 
C x C3H or C X C3H— hybrids of this and the 
previous investigation (J) according to their mi- 
croscopic appearance is summarized in table 10. 
The table also contains the time of appearance of 
tumors in the three experiments reported here. 

Of 162 C C3H hybrids 88, or 54 percent, 
developed typical type I mammary tumors at an 
average age of 21 months, whereas only 8, or 
5 percent, developed type II growths at a mean 
age of 22 months. These data include the 4 


C3H — hybrids in four experiments according to microscopic 


appearance 


{Numerators= Number of mice developing typical, type I, tumors. 


Denominators= Number of mice developing hyperplastic, type II, tumors] 
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16 | 17 | 18) 19 | 20 | 21 | 22 | 23 | 24 25 26 | 27 | 28 | 29 | 30 
2/0 1/0 1/0 4/0 2/0 1/0 1/0 13/0 
1/0 0o/o 1/0 1/0 0/1 4/1 
1/0 2/0 1/0 1/0 a0 
oo 
10 1/0 10 1/0, 20 2/0 3/1 1/0 1/0 2/0, 4/0! 1/0) 2/0 1/0 27/1 
‘ 1/0 1/0 
2/0 1/0 Wl) 1/0 2/1) 4/2 2/0 6/1 3/0 1/0; 2/0; 7/2) 1/0; 2/0 39/7 
5/0, 4/0 2/1, 2/0) 6/1 7/2) 6/1'12/1) 4/0 5/0| 6/0, 9/2) 3/0) 2/0) 2/0 88/8 
1/0 1/0 1/0 1 O/1 5/l 





1 additional tumor, described in text. 
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tumors of experiment 3 and the 2 of experiment 
2 that arose in mice carrying a mammary-tumor 
agent. Of 52 C C3H— hybrids 5, or 10 
percent, developed type I tumors at an average 
age of 24 months, and 1 had a type II growth 
when 30 months old. Type I tumors also pre- 
dominated in the backcross mice of experiments 
1 and 2, as well as in further hybrid generations 
of experiment 3. Further analysis showed that 
the tendency to develop 1 type of tumor was not 
restricted to certain lines; F, hybrids that had 
type [ tumors produced offspring that developed 
both types of growths. The implications of these 
microscopic findings are discussed later. 

The relatively high incidence of typical mam- 
mary tumors in hybrids derived from strain C 
females and strain C3H males may be of interest 
to investigators who wish to obtain mammary 
tumors in older mice. C X C3H_ hybrids are 
vigorous and are usually in good physical condition 
when they develop tumors. Most of the tumors 
grow more slowly than those arising in younger 
mice of high mammary-tumor strains. 

As seen in table 10, two tumors were unclassified. 
One of these was in a 25-month-old C x C3H— 
mouse of experiment 1. The periphery of this 
tumor showed clumps of typical mammary tumor 
cells, but the central portion was keratinized and 
necrotic. It resembled the ‘‘molluscoid type’’ of 
tumor first described by Haaland (10) in 1905. 

The other appeared in a 27-month-old C X 
C3H mouse of experiment 3. Histologically, 
some areas showed typical mammary tumor forma- 
tion, but the extreme development of connective 
tissue with leucocytic infiltration and many areas 
of keratinization seemed worthy of a special nota- 
tion. 

DISCUSSION 

The results of these experiments confirmed the 
high incidence of mammary tumors in F, hybrid 
females derived by mating low-mammary-tumor 
strain C females and high-mammary-tumor strain 
C3H males. Reviews of the literature dealing 
with the development of mammary tumors in F, 
hybrids from low-tumor strain females and high- 
tumor strain males were presented in earlier 
papers (/, 11), and it was concluded that the 
hybrids usually showed higher tumor incidences 
than did their maternal parents but seldom as 
high as did the C X C3H cross. Since these 


reviews, Foulds (1/2) reported the appearance of 
breast tumors in F, hybrids obtained from low- 
tumor C57 black femeles and high tumor R3 
males. Of 71 breeding females, 9 developed 
mammary tumors at an average age of 33.7 weeks; 
and of 22 virgins, 1 developed a tumor when 55 
weeks old; 48 breeders and 21 virgins were tumor- 
free when 14 to 20 months old. Foulds trans- 
planted the tumors into mice of the same hybrid 
derivation and found an interesting sex difference 
in susceptibility to some transplanted growths. 

The primary purpose of the experiments re- 
ported here was to detect a weak agent or to 
activate a latent agent in F, hybrids obtained 
from C females and C3H males. It was assumed 
that if tumors occurred in the F, hybrids because 
the agent increased in activity or amount in the 
hybrids, then backcross mice procured from F, hy- 
brid females and C3H males or offspring born to 
hybrid females and their brothers should develop 
tumors, but contrary to this assumption the pro- 
geny showed lower tumor incidences than did 
their hybrid mothers. However, a few F, hybrids 
developed mammary tumors at an early age, and 
the tumor agent was present in these mice. 

The activity of the agent in these C & C3H F, 
hybrids was indicated by the early age at which 
they developed tumors, by the restriction of these 
mice to certain litters, by appropriate foster nurs- 
ing tests, and by the high incidence of tumors in 
descendants of the hybrids. 

Every F, hybrid mouse of these experiments 
that developed a tumor before 1 year of age car- 
ried the agent. This suggests that the agent may 
have been involved in the production of the first 
tumors found in C X C3H offspring in this labora- 
tory, because they arose in mice which were 5 
and 6 months old (1). It also suggests that the 
agent may have been present in some of the breed- 
ing hybrids of Foulds’ experiment, for they de- 
veloped tumors at a mean age of 33.7 weeks; one 
became tumorous when only 15 weeks old. His 
results are of further interest because they show 
that the appearance of mammary tumors in young 
F, hybrids born to low-tumor-strain females is 
not limited to those of C & C3H derivation. 

Foulds also noted that the tumor-bearing mice 
of his experiment were restricted to litters of cer- 
tain C57 black mothers. This was true in the 
present studies so far as those mice carrying the 
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agent were concerned, since all were offspring of 
two strain C mothers, but, as shown in tables 2, 
4, and 9, the tendency toward tumor development 
was not limited to the young of a few strain C 
mothers. 

Foster-nursing experiments produced conclusive 
evidence of the presence of the agent in the milk 
of the F, hybrids and their progeny, for all appro- 
priate females suckled by these mice developed 
mammary tumors, usually at a very early age. 

A demonstrable tumor agent in a few C < C3H 
hybrids suggests that the agent may have been 
involved in the occurrence of tumors in the older 
Tumors in the older 
animals may have been produced by an agent 
with a low degree of activity which did not in- 
crease in activity in the hybrids, or they may have 
been produced by a small amount of the agent. 
This postulation withstands the criticism thet ex- 
tracts of tumors from older mice in this and pre- 
vious work (/) failed to produce tumors in appro- 
priate test mice, because techniques of extraction 


mice of the same derivation. 


may have had a deleterious influence upon the 
activity or amount of the agent or the tumors 
may have contained sufficient inhibitor to mask 
the agent’s activity (4). 


ORIGIN OF THE AGENT 


Irrespective of whether the ageit was implicated 
in the development of all mammary tumors in the 
F, hybrids, its sudden appearances in some ani- 
mals raised the problem of finding how it gained 
access to the F, hybrids or their C mothers. Some 
approaches to this problem are presented: 

(1) The possibility of transmission of the agent 
through contagion is suggested because the agent 
is in the blood of high-tumor strains (13). There 
are no published accounts of attempts to ascertain 
whether it is in the excreta of these strains. Thus 
far, mothers’ milk is the only known route for 
natural transmission of the agent. Susceptible 
mice raised in cages with their high-tumor-strain 
mothers but deprived of their milk did not develop 
tumors (3), and despite the general practice of not 
isolating mice carrying the agent, the literature 
does not contain reports of contagion. While 
these experiments were in progress, other highly 
susceptible mice were born and raised in the rooms 
where the F, hybrids were reared, and none devel- 
oped a tumor. This implies that if the C « C3H 


hybrids acquired the agent through contact with 
other mice, they were the only mice to become 
infected, and furthermore the infection was re- 
stricted to two F; hybrid litters. If their strain C 
mothers acquired the agent from infected mice, 
then thus far they are the only strain C mice in 
this laboratory to do so. 

(2) The hybrids may have obtained the agent 
in the milk of their strain C mothers. This pos- 
sibility was discussed earlier when it was postu- 
lated that strain C milk may contain a small 
amount of the agent or an agent of low activity, 
and that the agent either increased in the amount 
or became activated in the F, hybrids (1). The 
experiments described here were performed to test 
this postulate; and although the approach re- 
vealed the presence of the agent in a few C * C3H 
hybrids, it did not produce evidence that the agent 
was in the strain C females for two reasons: 

(a) Of the two strain C females that reared 
litters possessing the agent, one died before and 
the other shortly after their offspring became 
tumorous, and their tissues were not tested for 
the agent. Neither gave birth to a litter subse- 
quent to the one in which the agent was found. 

(b) All the F, hybrids born to the C females 
did not develop tumors. Judging from the occur- 
rence of tumors, the agent was in all four offspring 
of C female No. 7 of experiment 3, which suggests 
that her milk contained the agent, but by the 
same criterion only two of three offspring born to 
C female No. 866 of experiment 2 carried the 
agent, because one died without tumor when 25 
months old and four of her offspring also died free 
of tumor at an average age of 25 months. 

The absence of tumors in this mouse and her 
offspring does not prove that they did not carry 
theagent. Ifthe agent was present, its low degree 
of activity in these mice in contrast with its high 
activity in mice of identical genetic constitution 
suggests an interesting problem in agent-host 
relationship. 

The results encountered in the foregoing litter 
recalled a similar finding in a litter of the first 
hybridization experiment (/). This litter was 
born to a C female that developed a mammary 
tumor when 21 months old. She had raised four 
C < C3H hybrids, of which two developed tumors 
when 8 months old and two died tumor-free at 19 
and 21 months of age; the two tumor-bearing mice 
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were the oaly F, hybrids of the experiment that 
acquired tumors before 1 year of age. In addition, 
she suckled one I & C3H hybrid that died without 
tumor at the age of 27 months. An extract of a 
tumor from one of the 8-monath-old F, hybrids did 
not produce tumors in test animals. It was con- 
cluded that the history of her litter indicated that 
her milk did not contain the agent, but it now ap- 
pears that this conclusion may have been uajustifi- 
ed. Indeed, the equivocal results in these two 
litters may be significant and are referred to later. 

(3) Since the agent is in the seminal vesicles and 
their contents, it may have been transmitted to 
the strain C females by their C3H mates (7). 
This possibility was explored in these experiments 
by mating the C females of experiment 1 to their 
brothers after they had borne litters to C3H 
males. It was assumed that if a C female had 
acquired the agent from her C3H mate, her 
following litter of strain C mice would develop 
tumors, but the occurrence of tumors in only 2 of 
51 of these C mice indicated that the C mothers 
had not acquired the agent in sufficient amounts to 
elicit tumors in their offspring. 

This result was not in complete accord with 
those attending the mating of strain C females to 
C3H males which were with or without the agent. 
As seen in table 10, of 162 F, hybrids derived from 
strain C females and C3H males with the agent, 
97, or 60 percent, developed tumors, whereas of 52 
F, hybrids bora to C females and agent-free C3H 
males 7, or 13 percent, developed tumors. In ex- 
periment 1, 4 C females were bred to agent-free 
C3H males, and 3 of their 14 F, hybrids became 
tumorous, but when (experiment 2) the same C 
females were bred to C3H males carrying the 
ageat, 10 of 15 of their F, hybrids developed 
tumors. 

These low-mammary-tumor rates in F, off- 
spring of C females and agent-free C3H males 
compared favorably witb that of a previous in- 
vestigation in which strain C females were bred to 
agent-free males from other strains. Of 69 F, 
progeny bora to C females and I, C57 black, or 
agent-free dba males, 4, or 6 percent, developed 
mammary tumors (7). 

The difference in tumor rates between F, hy- 
brids obtained from C females and agent-free C3H 
males and those from C females and C3H males 
with the agent suggests that the latter males mey 
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have transmitted the agent to the C females. The 
findings are suggestive only, because all the 
C x C3H— F, hybrids of these experiments were 
born to 2 agent-free C3H meles, and as shown in 
table 5 none of 25 F,; hybrids born to 1 of these 
males developed a tumor. Both egent-free males 
were separated from the strain C3H colony by 5 
generations of inbreeding, and their genetic make- 
up may have differed from that of the other males 
to such a degree that, if the agent was in the milk 
of the C females, their offspring were more re- 
sistant to it. 

The small number of tumors in F, offspring of 
C females and agent-free C3H males may have 
appeared in the absence of the agent. There is 
no reason to believe that the agent is responsible 
for the induction of all breast tumors in mice, and 
tumors in F, hybrids from C females and agent- 
free C3H males may have appeared in mice that 
were deficient in the agent. It was suggested 
previously that the agent may accelerate the time 
of appearance and increase the incidence of tumors 
within the life span of susceptible mice (7). Fur- 
ther work is essential before the influence of agent- 
free C3H males on the occurrence of tumors in F, 
hybrids can be evaluated. 

(4) Another possibility which can be approached 
through experimentation is that the F, hybrids 
acquired their C3H father’s agent while in utero 
and their C mothers were not infected. This hy- 
pothesis offers an explanation for some of the 
equivocal results encountered in this series of 
investigations. The C3H agent could in most 
instances be markedly attentuated either before 
or after it gained access to the embryos, which 
would account for the appearance of tumors in 
most F, hybrids at an advanced age and for the 
unsuccessful attempts to detect the agent in their 
tumors. In a few instances, however, the activity 
of the agent could be greatly enhanced or a variant 
produced which would explain the sudden appear- 
ance of the agent in certain litters reported here. 

This hypothesis could also explain the presence 
of the agent in only two of three offspring born to 
C female No. 866 as well as in only two of four 
litter mates in the previous work (1); the offspring 
that did not develop tumors may not have ac- 
quired the agent. It could also account for an- 
other observation made during the previous ex- 
periment, namely, C x C3H hybrids showed a 
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tumor incidence of 60 percent, but susceptible 
I <x C3H hybrids which were fostered by the 
mothers of the C x C3H hybrids showed an 
incidence of only 8 percent (1). In this laboratory, 
strain C females are far more susceptible to the 
agent than those of strain 1; and if this difference 
in susceptibility is maintained when the agent is 
in the uterus, fewer I & C3H embryos would be 
infected. Consequently, the agent-free 1 X C3H 
hybrids would show a lower tumor incidence than 
the C * C3H hybrids. 

The hypothesis could also account for the re- 
sults reported by Fekete and Little (14), who 
transferred fertilized ova of high-tumor strain 
dba into the uteri of resistant-strain C57 black 
females which nursed the young after birth. 
While none of the mice born from transferred ova 
developed a breast tumor, there was an incidence 
of 11.7 percent in the next three generations. The 
transferred ova may have acquired or carried with 
them an attenuated agent from the dba strain. 

(5) The last possibility considered here is that 
the agent arose in the F, hybrids or in their C 
mothers. Bittner proposed this possibility to 
explain the occurrence of a breast tumor in a 
strain A mouse whose ancestors for seven genera- 
tions had failed to develop breast tumors (14). 
Bittner suggested that the milk of low-tumor- 
strain females may contain an “inactive influence,” 
which may become an “active influence” or the 
“active influence may arise de novo within the 
individual and be transferred by nursing to the 
progeny.” In a later paper (9), Bittner referred 
to this strain A mouse and stated that her litter 
mates and their progeny remained free of cancer. 
This is of interest, for it corresponded to the litter 
described herein that contained two females with 
the agent and one without. 

Bittner’s line of agent-free strain A mice de- 
scended from a strain A female whose ancestry for 
15 successive generations developed mammary 
tumors and “was given a few hours after birth to a 
female of the CBA or X stock.”” The descendants 
of this mouse contained 245 breeding females 
showing a mammary-tumor incidence of 4.5 per- 
In the 
present experiments, the 2 strain C females in 
whose offspring the agent became apparent be- 
longed to a strain of mice which in this laboratory 
exhibited a mammary-tumor incidence of less 


cent at an average age of 13.9 months. 


than 1 percent at an average age of 22 months, 
and their ancestry for 22 generations were free 
from mammary tumors. If the agent can be 
produced within the tissues of the mouse, the 
findings reported here show that it can occurin 
females (or their offspring) of a strain that develop 
very few mammary tumors and the ancestors of 
which presumably were not in contact with the 
agent for many generations. Strain C mice, 
however, are susceptible to the agent, for a single 
exposure to strain C3H milk transformed them 
into a high-mammary-tumor strain for many 
generations (2). It would be of considerable in- 
terest to know whether the phenomenon occurs 
in mice which are very resistant to the agent. The 
substrain of C57 black mice maintained in Foulds’ 
laboratory may be satisfactory animals for this 
purpose. 

Bittner also noted the occurrence of mammary 
tumors in offspring born to agent-free C3H 
females and C3H males with the agent (9). His 
agent-free C3H line descended from 3 litter mates 
that were suckled by a C57 black female; and of 
168 mice in the line, 2 developed mammary tumors. 
Thirty females from the fostered line were mated 
to unfostered C3H males to obtain 146 female 
offspring, of which 14 developed tumors. All 
these tumor-bearing mice descended from 6 of 
the fostered line females, of which 1 developed 
mammary carcinoma and 5 died tumor-free. 
None of the progeny in first litters born to these 
6 mice developed a tumor. Bittner stated that 
“In some cases the active milk influence developed 
between the first and the second litters; in others 
between the second and third litters.” His 
observation is comparable with that recorded 
here for C female No. 7 of experiment 3, since the 
agent appeared in mice of her third litter. How- 
ever, all Bittner’s agent-free C3H females were 
bred to C3H males that possessed the agent, and 
their tumor-bearing progeny may have acquired 
the agent from their fathers. 

While the hypothesis of the spontaneous origin 
of the agent within an occasional mouse may 
explain the appearance of mammary tumors in 
the younger F, hybrids of these experiments, it 
is not clear how it could be applied to the origin 
of tumors in the older F, hybrids unless it is 
assumed that they produced a less active agent. 
The low tumor rates in the progeny of these F; 
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RELATION OF MAMMARY-TUMOR AGENT 


hybrids do not support this assumption, for even 
if a relatively inactive agent arose within the F, 
hybrids, one could expect an appreciable incidence 
of tumors in their descendants and perhaps an 
occasional animal in which the agent’s activity 
was enhanced. It could be assumed that an active 
agent arose within the F, hybrids after they had 
raised their last litters; but if this were true, 
extracts of their tumors should have produced 
tumors in some of the test animals. 

The possibility that the agent arose de novo in 
the C females or their F,; hybrids deserves consid- 
eration, for it offers an explanation for many 
obscure findings associated with the tumor agent, 
but to procure experimental evidence in support 
of this postulation may be difficult. Indeed, 
it may be that such evidence is attainable only 
by the elimination of all other possibilities. 

Regardless of whether the agent appeared in 
the F, hybrids through contamination, or through 
the activation of a weak agent harbored by the 
strain C females, or by the transmission of the 
agent from the C3H males to strain C females or 
to the F, hybrids in utero, or whether the agent 
arose de novo, the fact remains that a highly 
active tumor inciter appeared suddenly in female 
mice and was transmitted to their descendants. 
This observation may be of significance in cancer 
research. 


HistoLocic APPEARANCE OF THE TUMORS 


The final topic of this discussion is the micro- 
scopic appearance of tumors encountered in this 
series of investigations. In the first experiment 
(1) of this series, some tumors in older mice did 
not bear any microscopic resemblance to tumors 
usually seen in high-mammary-tumor strains, and 
the idea suggested itself that a study of the his- 
tologic structure of the tumors may throw some 
light on their etiology. The two types of mam- 
mary tumors observed most frequently in these 
experiments were described in an earlier paper 
(7). The first, described as type I, reproduces 
mammary acini and is the typical mammary 
tumor usually seen in mice from high-mammary- 
tumor strains. The second, designated as type 
II, occurs in older mice and is characterized by 
dilatation of ducts and proliferation of epithelial 
cells in an abundant stroma. 

Few investigators have described the histologic 
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appearance of mouse mammary tumors in refer- 
ence to the presence or absence of the tumor 
agent. Gardner (16) noted that many squamous- 
cell tumors arose in mice that were genetically 
susceptible to but did not carry the agent. Bon- 
ser (17) studied the influence of the agent on the 
evolution of the tumors and concluded that its 
main effect was the production of a high degree 
of acinous hyperplasia, although the mammary 
glands of some mice showed a high degree of 
acinous hyperplasia in the absence of the agent. 
With but few exceptions, malignant acinous pro- 
liferation occurred in mice with the agent. 
Kirschbaum, Williams, and Bittner (18) found that 
the major difference between the histogenesis of 
methylcholanthrene-induced mammary tumors and 
the histogenesis of spontaneous mammary tumors 
in mice with the agent was the prevalence of 
squamous metaplasia of ductal epithelium in the 
former. They found, however, that in the re- 
sultant tumors, large areas of the hydrocarbon- 
induced growths were identical with the typical 
mammary tumors noted in the presence of the 
agent. All these investigators are in general 
agreement that the tumors appearing in mice 
with the agent are characterized by acinous 
proliferation. 

As seen in table 10, the great majority of tumors 
in the older F, hybrids of these studies showed 
the characteristic structure of mammary tumors 
from mice carrying the agent; but this preponder- 
ance of typical mammary tumors was not inter- 
preted as indicating that the agent was involved 
in their production, because in a former experi- 
ment, typical mammary tumors arose in some F, 
hybrids procured by reciprocal breeding between 
strains of mice which were presumably free of the 
agent (7). In addition, it was found that of nine 
breast tumors occurring in agent-free breeding 
C3H females eight were typical mammary tumors 
(7) and all of six tumors appearing in a colony of 
breeding C females were of the same type (4). 

These findings together with those of other 
investigators suggest that while acinous prolifera- 
tion may be the characteristic structure of mam- 
mary tumors in mice from strains carrying the 
tumor agent, the same type of tumor may arise 
occasionally in the absence of the agent. The his- 
tologic structure of a breast tumor may be largely 
dependent upon the genetic constitution of the 








104 JOURNAL OF 


mouse in which it arises or the amount and type 
of hormonal stimulation to which the mammary 
glands are exposed. 


SUMMARY 


Three experiments were performed to ascertain 
whether the milk of low-mammary-tumor strain 
C females contained the mammary-tumor agent. 
Each experiment was started by mating strain C 
females to strain C3H or agent-free C3H males 
to procure F, hybrids. In two experiments, the 
F, hybrids were mated to C3H or agent-free 
C3H males to procure backcross mice; in one 
experiment, the F, hybrids and successive hybrid 
generations were mated inter se. The backcross 
animals and hybrid generations were obtained to 
ascertain whether the F, hybrids had acquired the 
tumor agent from their strain C mothers, and if 
the F, hybrids carried the agent, to ascertain 
whether its activity was enhanced in the back- 
cross or hybrid generations. 

The F, hybrid offspring of low-mammary- 
tumor strain C females and high-mammary-tumor 
strain C3H males showed a high incidence of 
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mammary tumors whereas offspring of strain C 
females and agent-free C3H males showed a low 
incidence. This suggested that the C3H males 
may have exerted an influence on the occurrence 
of tumors in the F, hybrids. The progeny of the 
F, hybrids showed lower tumor incidences than 
did their mothers. This suggested that if the F, 
hybrids acquired the agent from their C strain 
mothers, its activity was not enhanced in their 
descendants. 

The agent was present in two litters of F, 
hybrids born to C3H males; in one it was present 
in all four females and in the other it was detected 
in two of three females. The strain C mothers 
of these litters were not tested for the presence 
of the agent; one died before tumors appeared 
in her offspring, and the other died before a diag- 
nosis was made of the first tumor in her offspring. 
Thus, it was impossible to determine whether the 
agent was transmitted to the F, hybrids in their 
mother’s milk. 

The discussion is concerned chiefly with pos- 
sible routes whereby the agent gained access to 
the F, hybrids. 
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INTRODUCTION 
Previous work established a difference in sus- 
ceptibility to tumors induced with 20-methyl- 
cholanthrene in skin, connective tissue, and muscle 
of C3H and JK mice. As in other types of cancer 
in inbred strains of mice, this response has a 
genetic background (/, 2), and investigations con- 
sidered here are a continuation of the analysis of 
factors involved. 
There are four recessive genes which segregate 
in the backcross of F, 
strain in which they 


mice to the JK parental 
are homozygous. These 
marker genes are pink eye (p) on the first chromo- 
some, short ear (se) on the second chromosome, 
the recessive non-agouti (a) on the fifth chromo- 
some, and brown (6) on the eighth chromosome. 
It should be possible, then, to detect any obvious 
relationship between these genes, and possibly the 
chromosomes bearing them, and_ susceptibility 
to the tumors under consideration. The behavior 
of the progeny in the backcross to the C3H paren- 
tal strain when treated with methylcholanthrene 
should also be valuable for comparison. 
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TABLE 1.- 


THE INHERITANCE OF SUSCEPTIBILITY TO TUMORS INDUCED IN MICE. 
INDUCED WITH METHYLCHOLANTHRENE IN THE BACKCROSS OF C3H AND JK 


11. TUMORS 


By Water J. Burperre, Ph. D., M. D., Department of Surgery, Louisiana State University School of Medicine, New Orleans 


MATERIALS AND METHODS 


C3H and JK mice were mated, and females of 
their F, progeny were bred with C3H and JK 
males, respectively. The virgin mice of the back- 
cross in each instance were treated exactly as in 
previous experiments (/). The diet was the same, 
and the colony was maintained in an air-condi- 
tioned room. Each mouse was injected subcu- 
taneously in the right flank with 1.0 mg. of 20- 
methylcholanthrene in 0.1 cc. of sesame oil at 60 
days of age. Induction time of each tumor was 
recorded as the time from the injection of car- 
cinogen to the time the neoplasm was first pal- 
pable. The period from appearance of the tumor 
to death of the mouse was designated as survival 
time. Sections taken from some of the 
tumors and prepared for microscopic study. The 
phenotype of each mouse was also recorded, and 
the data were tabulated accordingly. A few ani- 
mals had abscesses at the site of injection and were 
discarded because of the possibility of loss of the 
carcinogen from the tissues. 


were 


RESULTS 
For convenience, the progeny in the backcross 
of F, to C3H mice is designated as F;x«C3H BC 
and those in the backcross of F, to JK mice as 
F,xJK BC. Table 1 gives the number of mice 


Induction time for backcross mice injected with methylcholanthrene 





Micedying  ygice Induction time 
Marker | Number | Number | without aa ad 
Backcross hybrids x ame of mice of tumor after | ithout Pp! 
injected | tumors | first tumor aaah ic - 
appeared tumor: Median Mean 
F:XC3H Number Percent Days Days 
Males 74 74 70 269.941.8 |) 0.9 
Females 90 90 69 70.341.3 J si 
Total or average 164 164 69 70.1+41.0 |. 
FiXJK: ia ; 
Males 100 79 21 21.0 96 103. 543.6 |) -8)<. 01 
Females 102 85 17 16.7 97 102. 2+3.3 |f | 
Total or average 202 164 38 18.8 96 102. 82-2. 4 |.... 
P : 100 84 : 16 16.0 ; 93 99.0+2.8 | 1 
p 102 80 22 21.6 98 106.7+4.0 J : 
Se 133 i07 26 19.5 95 102. 543.1 } 7 
3 - sé 69 57 12 17.4 97 103. 83.7 5 
WiXIK..........-.-------- Pear AT NelES TROT AMT S amen A 105 85 20 19.0 93 101. 83.7 || 8 
a 97 79 18 18.6 ie) 108. 8+3.1 |f ‘ 
B 80 69 ll 13.8 92 100. 143.4 } 4 
b 122 95 27 22.1 98 104. 8+3. 4 ‘ 
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? Standard error of mean. 
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TABLE 2. 


Survival time of backcross mice with tumors 





Backeross hybrids 


F, X C3H 
Males 
Females 
Total or average 


F, X JK 
Males 
Females 


Total or average 


Survival time in days 


Marker Number 


gene of mice i 
Median Mean 
48 46 46.2+1.76 | 07 
54 46 47.041.97 |f ”‘ 
102 46 46. 6+1. 32 
57 43 43.141. 88 |) 1) -Ol 
52 39 37.541.85 |{ ° 
109 42 40. 341.32 
P ——« o|t—“‘ «S| OCAOtLORN G 
p 49 41 38.6+1.78 |f *“ 
Se 70 42 40.2+1.78 || - 
se 39 41 40.842.05 j°‘ 
i 49 42 39. 822. 17 » 
a 60 41 40. 9+1. 67 j=? 
B 48 43 41.141.93 || - 
b 61 41 39.94+1.80 j °‘ 





Probability 


treated, number of tumors appearing, and the 
median and mean induction times for the tumors 
in each group. The tabulation is continued in 
table 2 where survival times are recorded. The 
curves (figs. 1-8) represent the total number of 
mice developing tumors up to a given time ex- 
pressed as a percentage of the number of mice 
alive at that time. 

The progeny in the backcross to C3H mice 
developed tumors much sooner than did those in 
the backcross to JK mice. In each instance, the 
value of the induction time was intermediate to that 
for the parents and more nearly like the more 
susceptible parent. This is shown in table 1 and 
figures 1 and 2. The median induction time was 
69 days, and the mean induction time 70.1 days 
for F, * C3H BC,whereas the median was 96 and 
the mean 102.8 days for F,; * JK BC mice. 
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The t test shows significance for the difference in 
means, P being less than 0.01. 

The difference in susceptibility is also reflected 
in the percentage of animals dying without tumor, 
and here, as in many other instances of total inci- 
dence compared with age incidence, the two are 
complementary. All the animals with lower induc- 
tion time (F; * C3H BC) had tumors at the time 
of death; the other group (F,; X JK BC) was more 
resistant and included 38 mice dying without 
tumor after the first tumor appeared in the group, 
an incidence of 18.8 percent. This means the 
difference in susceptibility is even greater than 
comparison of the means alone might indicate. 

In each group of backcross animals, mean and 
median induction times are similar in males and 
females; there is no significant difference between 
the mean induction times in either instance (table 
1). The curve for females in the backcross to 
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INHERITANCE OF SUSCEPTIBILITY 


the C3H strain (fig. 3) is almost identical with 
that for males, and that for the backcross to the 
JK strain also shows little difference in contour 
for males and females (fig. 4). The survival time 
of males compared with females likewise is not 
significantly different in either F, * C3H BC or 
F, X JK BC mice (table 2). 
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Figure 3.—Time from injection of methylcholanthrene to 
appearance of tumors in males and females in the back- 
cross of F; to C3H. 
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appearance of tumors in males and females in the back- 
cross of F; to JK. 
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Figure 5.—Time from injection to appearance of tumors 
in mice homozygous for p compared to those heter- 
ozygous for P. 
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Not only is there a difference in survival times 
of F; * C3H BC compared with F,; * JK BC ani- 
mals, but also the relationship of survival times is 
the reverse of that for induction times in the two. 
That is, F; * C3H BC animals have a much 
shorter period of induction; but when they have 
a tumor, they usually survive longer than animals 
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FicurE 6.—Time from injection to appearance of tumors 
in mice homozygous for se compared to those heter- 
ozyhous for Se. 
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Figure 7.—Time from injection to appearance of tumors 
in mice homozygous for a compared to those heter- 
ozygous for A. 
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in the other group. The discrepancy in survival 
times is not so great as that in induction times, 
but it is definite. 

Since there is segregation of the marker genes 
on four chromosomes in one backcross, it is possible 
JK BC mice. By compar- 
ing the mice which are heterozygous for the domi- 


to subdivide the F, 
nant gene, Se, with those bearing the correspond- 
ing recessive, se, In the homozygous condition, it 
is evident that there is no significant difference in 
This is also 
true for mice which are non-agouti and brown 


the meen induction times (fig. 6). 


compared, respectively, with those which are not 
(figs. 7, 8). There is the widest divergence be- 
tween the mean induction times for those mice 
which phenotypically show P, and those pheno- 
tvpically p (fig. 5), but again there is no significant 
difference (table 1). The widest 
medians is 6 days, a greater difference than is 


Variation in 


encountered in the comparison of males with 
females. The survival time in each category is 
not significantly different from that of the entire 
group of F, & JK BC mice, and no group showing 
the recessive phenotype differs in survival time 
from the homologous group showing the dominant 
marker (takle 2). 

Grossly, the tumors had the same appearance 
as inp the parents and F,. They were fleshy, 
pinkish-gray, and of firm consistency. On section, 
some of them had a fasciculated surface when held 
toward the light. In the older and larger tumors, 
central hemorrhage and necrosis were present. 
Fixation progressing to invasion of the body wall 
occurred if the neoplasm was allowed to progress. 
Microscopically, several types of tumors were en- 
Sixty tumors of the F, x C3H BC 
hybrids were sectioned, and 29 (48 percent) were 
diagnosed rhabdomyosarcomas, 17 (28 percent) 
spindle-cell sarcomas, and 14 (23 percent) mixed 
type. 


countered. 


The last group was composed of 12 tumors 
containing areas of spindle-cell sarcoma and 
rhabdomyosarcoma, 1 with anaplastic cells and 
rhabdomyosarcoma, and 1 composed of epider- 
moid carcinoma and spindle-cell sarcoma. The 
average induction time for spindle-cell sarcomas 
in this group was 71.1 days, which was almost 
the same as that for all the F,; x C3H BC mice. 

Among tumors in F, * JK BC mice, 48 were 
selected at random. Twenty-nine (60 percent) 
were spindle-cell sarcomas, and 19 (40 percent) 


were composed of 2 elements. Of the latter, all 
contained malignant spindle cells, and 17 con- 
tained rhabdomyosarcoma, whereas 2 were com- 
posed of epidermoid carcinoma in part. The 
average induction time for spindle-cell sarcoma 
(104.1 days) compared favorably with that of the 
entire group. 


DISCUSSION 


Linkage relationships between known genes and 
susceptibility to tumors have been investigated 
most extensively in mice and in other animals bear- 
ing melanotic tumors. Stark and Bridges (3, 4) 
studied two melanotic tumors im Drosophila. 
The first was a pigmented tumor appearing in 
Lethal- 
7, a gene in the sex chromosome, was responsible 
for the tumors. The second was a benign tumor 
appearing at any segment of the larvae but al- 
lowing development into an adult. The develop- 
ment of this benign tumor depended on multiple 
genes. The principle gene was found to be situ- 
ated in the third chromosome, and the next most 
effective at the right end of the second. Approxi- 
mately 20 percent of the effect was due to genes 
in the first and second chromosomes. 


larvae and causing death before pupation. 


Gowen (5) 
reported focal melanosis at the articulation of 
femur and tibia in Drosophila produced through 
the action of a recessive gene in the X-chromo- 
some. This mutation was caused by irradiation. 
When it was expressed in the phenotype, these 
flies died. Five strains of Drosophila with beniga 
tumors and one strain with malignant tumors 
were studied by Russell (6). In one strain, the 
incidence was increased by factors in the X- 
chromosome and decreased by those in the third, 
while a recessive gene on the second chromosome 
was required for tumors to appear. 

Federly (7) had an unusual explanation for 
malignant, hereditary, and sex-limited tumors in 
the larvae of butterflies. In an outcross, all the 
male larvae died from the tumor. Since females 
are heterogametic, he postulated that the X- 
chromosome contains a recessive gene stimulating 
mitoses of the triploid polar nucleus resulting in 
the tumors. 

Hereditary tumors are also known in fish. 
Each of two genera of fishes when crossed contrib- 
uted one gene, and the combination resulted in 
tumors in the hybrids, according to Kosswig (8). 
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INHERITANCE OF SUSCEPTIBILITY 
Melanotic tumors were also studied in other fishes 
by Gordon and Smith (9), who crossed a species of 
platyfish having, in addition to micromelano- 
phores, macromelanophores, a sex-linked 
nant character (Sp). In with other 
species, the hybrids with spotting due to the large 
melanophores developed melanomas. 

Little (10) found that yellow mice had a lower 
incidence of mammary cancer than non-yellow 
mice, when a susceptible dilute brown strain was 
crossed to the resistant yellow mice, and the 
F, and the F, were compared. Bittner (11) studied 
the hybrids of C57 black and A mice and concluded 
that among the multiple genetic factors responsible 
for susceptibility to spontaneous mammary cancer 
was one which may be linked to brown. 

Heston (12), working with the A strain, showed 
linkage between susceptibility to induced pul- 
monary tumors and the chromosomes carrying 
the shaker-2 and waved-2 genes and that bearing 
the flexed-tail gene. 


domi- 


crosses 


He also found susceptibility 
increased by the lethal yellow gene and mentioned 
a possible secondary influence of increased body 
size associated with this mutant (13). There was 
no evidence for linkage between waved-1, waltzing, 
leaden, piebald, dilution, agouti, or brown and 
susceptibility to pulmonary tumors (1/2, 14). 
Strong (15, 16) reported that he effected a muta- 
tion of brown to black through the use of methyl- 
cholanthrene, and from data on F, and _ back- 
crosses he concluded that increased susceptibility 
to fibrosarcoma is linked with the mutation which 
he labeled S'. In addition to increased suscep- 
tibility to fibrosarcoma, the black mice showed in- 
creased vitality and litter size. He postulated link- 
age between susceptibility to induced tumors and 
the X-chromosome and thaf bearing P. Similar 
linkage to a, s, and two additional instances with 
the X-chromosome are suspected (17). He sug- 
gested that susceptibility to gastric adenocar- 
cinoma in the NHO mice may be due to the effect 
of a single dominant 
carrying brown (18). 


gene on the chromosome 

It is desirable to simplify as much as possible 
the conditions of experiments such as the one 
under consideration. External tumors are easier 
to study than others. 
kinds of tumors, 


However, since several 
singly and together, have been 
encountered, the problem of studying suscepti- 
bility unfortunately is more complicated than 


TO 
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in pulmonary tumors where all microscopic sec- 
tions are similar. Study of the relation of the 
various kinds of tumors to appearance time leads 
one to suspect that each is controlled by the same 
or similar factors for susceptibility. This is not 
an instance where tumors appearing early are of 
one type and those appearing late are of another, 
the susceptibility of the group depending on the 
relative incidence of each type. It is evident that 
the same type of tumor appears early in one back- 
cross and late in the other, and all types in each 
group have approximately the same time of induc- 
tion. In addition, it is probable that more mixed 
tumors were present than were diagnosed, since 
the presence of more than one neoplastic cell type 
could only be ruled out by taking serial sections. 
Average induction times for spindle-cell sarcomas, 
rhabdomyosarcomas, and combinations of the 
two were 71.1, 68.6, and 65.7 days, respectively, 
in F, C3H BC mice. Those for spindle-cell 
sarcomas and tumors composed of spindle-cell 
sarcoma and rhabdomyosarcoma were 104.1 and 
106.8 days, respectively, in F,; * JK BC mice. 
The same type of intermediate susceptibility 
encountered in the F, generation derived from 
parents with divergent susceptibility to other 
types of neoplasms is encountered here. Just as 
the F, was intermediate in susceptibility to C3H 
and JK mice, both groups of mice in the backcross 
are intermediate in susceptibility to the parents. 
Also, there is a significant difference in the average 
induction times of F, *C3H BC and F, * JK BC 
animals. This is usually interpreted as evidence 
of multiple genetic factors. It is interesting to 
note that the susceptibility of the offspring more 
nearly corresponds to the parent 
induction time. 


with lesser 
It is also interesting that suscepti- 
bility to tumor appearance does not parallel 
survival time after it has appeared in the back- 
cross hybrids, since the more susceptible group of 
hybrids had a longer survival time. 

If a recessive factor for relative resistance (from 
the JK strain) or a dominant factor for suscepti- 
bility (from the C3H strain) were present on the 
chromosome carrying the marker gene, it might 
account for any difference in average induction 
time. Careful examination of the results reveals 
no decisive evidence of linkage between suscepti- 
bility to the tumors induced and p, se, a, and b. 
Further work is indicated on the first linkage 
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group. There is no significant difference in induc- 
tion times between mice with P/p compared with 
p/p, but the curves of induction time diverge 
more than those remaining. The susceptibility 
factors which are reported as linked to agouti, 
brown, and the X-chromosome in other mice have 
not been detected in C3H and JK mice. There 
is, therefore, suggestive evidence that some mam- 
mary tumors, fibrosarcomas, and gastric tumors 
differ by at least one factor from the neoplasms 
studied in this experiment. 
affect body size in opposite manner, there is no 
evidence here that body size affects the suscepti- 
bility tested, in contrast with evidence for such 
an effect by A® on pulmonary and mammary 
tumors. However, the mice were not 
weighed, these data cannot be regarded as proof 
that the relationship is not present. It is hoped 
that continued investigation of these hereditary 
factors which play a fundamental role in suscepti- 
bility to cancer will eventually make it possible 
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to separate the components and discover how 
they act. 
SUMMARY 

Susceptibility to induced tumors intermediate 
to that of the parents has been found in the back- 
cross generation when F, hybrids were mated to 
C3H and JK mice, respectively. 

The backcross mice had induction times nearer 
those of the more susceptible parent in both 
crosses. 

The mice in the backcross to the C3H strain 
had a lower average induction time than those in 
the backcross to the JK strain. 

The more susceptible hybrids had a significantly 
longer survival time. 

The induction time for fibrosarcoma differs in 
the backcross to C3H mice when compared with 
that of the backcross to JK animals. 

Tests for linkage showed no evidence for 
association between susceptibility and the genes 
for pink eye, short ear, non-agouti, and brown. 


-NCES 


(11) Birrner, J. J.: Geneties and linkage relationship of 
the inherited susceptibility to mammary cancer in 
mice. Cancer Research 4: 779-784 (1944). 

Heston, W. E.: Relationship between susceptibil- 
ity to induced pulmonary tumors and certain 
known genes in mice. J. Nat. Cancer Inst. 2: 
127-132 (1941). 

(13) ———-: Relationship the lethal 
(Av) gene of the mouse and susceptibility to induced 
pulmonary tumors. J. Nat. Cancer Inst. 3: 
303-308 (1942). 

Lung tumors and heredity. I. The sus- 
ceptibility of four inbred strains of mice and their 
hybrids to pulmonary tumors induced by subcu- 
taneous injection. J. Nat. Cancer Inst. 1: 
105-111 (1940). 

Srrona, L. C.: Linkage and crossing-over between 
black pigmentation and susceptibility to induced 
fibrosarcoma in mice. Science 103: 554 (1946). 

Genetic analysis of the induction of tumors 

by methylcholanthrene. XIII. Mutation from 

black with a concomitant increase of 
susceptibility to fibrosarcoma. Yale J. Biol. & 

Med. 18: 359-366 (1946). 

Genetic analysis of the induction of tumors 
by methyleholanthrene. VIII. Two mutations 
arising in mice following injection of methylehol- 
anthrene. Arch. Path. 39: 232-236 (19435). 

Genetic analysis of the induction of tumors 
by methylcholanthrene. IX. Induced and spon- 
taneous adenocarcinomas of the stomach in mice. 
J. Nat. Cancer Inst. 5: 339-362 (1945). 


(12) 


between yellow 


(15) 





(16) - 


brown to 


(17) 


(18) 





tis 
tiv 
gal 
the 
rec 
col 
the 
int 
3 ¢ 
hac 
oil. 
of 
gen 
pai 
4 y 
inje 
tiss 
of | 
latt 
pla 
of « 
the; 
Fin 
on 
also 
fibr 
cho 
The 
bon 
ider 
B 
con! 
mar 
onse 
the 
did 
(6) 
atin 
in t 
iden 


' Re 
2 Aid 


in 
ith 


for 
nes 


p of 
r in 


ibil- 
tain 

2: 
low 
uced 


3: 


sus- 
their 
ibeu- 

a 


ween 
luced 
6). 

mors 
from 
se of 
ol. & 


1mors 
ations 
Ichol- 


mors 
spon- 
mice. 





THE EFFECT OF METHYLCHOLANTHRENE ON THE FROG’S KIDNEY !? 


By Hans G. ScHLUMBERGER, Department of Pathology, College of Medicine, Ohio State University, Columbus, Ohio 


INTRODUCTION 

The action of chemical carcinogens upon various 
tissues of birds and mammals has been exhaus- 
tively studied. By contrast, very few such investi- 
gations have been carried out upon the poikilo- 
thermes, fishes, amphibians, and reptiles. No 
record of even a single experiment upon reptiles 
could be found in the literature. For fishes, 
there is only the report of Li and Baldwin (/) that 
interstitial cell tumors of the testicle occurred in 
3 of 40 male teleosts (Xiphophorus helleri) that 
had received retroperitoneal ‘injections of sesame 
oil. 

Amphibians have fared better, perhaps because 
of their widespread use in the study of embryo- 
genesis and regeneration. In 1935 Martella (2) 
painted tar on the skin of newts Triton cristatus; 
4 years later Koch, Schreiber, and Schreiber (3) 
injected tar or benzpyrene into the subcutaneous 
tissues of these animals. No satisfactory evidence 
of tumor formation was presented, although the 
latter investigators observed epithelial hyper- 
plasia with “‘pearl” formation and noted nodules 
of epithelial cells in the heart and lungs of one of 
their animals. Fedotov and Tokin, cited by 
Finkelstein (4), each carried out similar studies 
on axolotls with negative results. This author 
also reports the work of Schenchenko, who observed 
fibroblast proliferation about crystals of methyl- 
cholanthrene placed in the leg muscles of axolotls. 
The fibroblasts infiltrated adjacent muscle and 
bone; although growth was slow, the author 
identified the lesions as spindle-cell sarcomas. 

Briggs and Briggs (5) placed frog eggs in water 
containing a soluble carcinogen and produced 
marked retardation in development after the 
onset of gastrulation. No effect was noted on 
the organization of the structures formed, nor 
did any tumors arise. In an earlier report Briggs 
(6) recorded that he had found masses of prolifer- 
ating connective tissue about methylcholanthrene 
in the subcutaneous tissue of 3 tadpoles. He 
identified the lesions as tumors. Duran-Reynals 


ee 
' Received for publication June 7, 1948. 
? Aided by a grant from the National Institute of Health. 


(7) injected benzpyrene, dibenzanthracene, or 
methylcholanthrene into the thigh muscles of 261 
frogs and 18 newts. None of the animals devel- 
oped a tumor at the site of injection, nor was 
there an increase in the incidence of the spon- 
taneous renal adenocarcinoma of the frog. 

Rous (8) recently pointed out that the accumu- 
lated observations of many workers indicate that 
carcinogens often elicit tumors of a kind that the 
animal is likely to have spontaneously. In all 
the reported studies on amphibia the chemical 
was either painted on the skin or injected into 
the subcutaneous or muscular tissues. These are 
seldom if ever the site of spontaneous tumors, 
and it is unknown whether the carcinogen diffuses 
in sufficient concentration in these animals to 
act upon distant organs. 

The experiments here reported were designed 
to determine the effect of a potent carcinogen, 
methylcholanthrene, acting directly upon the 
renal parenchyma of the leopard frog Rana 
pipiens. Spontaneous adenocarcinoma of the 
kidney occurs not infrequently in this animal (9). 
The work of Lucké (1/0) demonstrated the prob- 
able virus etiology of these tumors; therefore, the 
possibility that the carcinogen may activate a 
virus, normally present in the renal epithelium, 
was considered. Such a relationship between 
virus and chemical carcinogen was demonstrated 
by Rous and Kidd (11) working with the Shope 
rabbit papilloma and was sought by Duran- 
Reynals (7) in the frog. 


MATERIALS AND METHODS 


The frogs obtained in each shipment were kept 
in a single tank with running water; after opera- 
tion they were placed in individual containers. 
Throughout the year the temperature of the room 
ranged between 19° and 23° C. All animals were 
given bits of ground meat twice weekly by forced 
feeding. The control frogs were kept under 
similar conditions. 

An operation was devised that allows adequate 
exposure of the kidneys through a dorsal incision. 
If the frog is kept in shallow water postopera- 

111 
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tively, a wound so placed will be exposed to air 
This feature appears to greatly 
facilitate uncomplicated healing. 


instead of water. 
Generalized an- 
esthesia is necessary. For this purpose, ether 
vapor is blown into a jar containing the frog; after 
3 to 5 minutes the animal is usually sufficiently 
Further anesthetization is not neces- 
sary during the operation, which lasts 20 to 30 


nareotized. 


minutes. A longitudinal incision is made through 
the skin to the left of the midline, extending from 
the iliac crest almost to the cloaca. The skin is 
retracted until the ridges formed by the iliac bones 
and the urostyle lying between them are visible. 
The muscle and fascia are then loosened from the 
urostyle, which is severed at its junction with the 
The muscles attached to 
the medial surfaces of the iliac bones are retracted 


vertebrae and removed. 
by small hooks. This exposes the dorsal surface 
of the posterior half of each kidney as well as the 
aorta and the common iliac arteries. A small 
incision is then made in the capsule of the left 
kidney, and a probe is inserted into the renal 


Ficure 1. 
debris were occupied by crystals of the carcinogen. 


and-eosin stain. > 175. 
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parenchyma for a distance of 3 mm. Some bleed- 
ing may be encountered at this time, but it is 
usually slight and easily controlled by the intro- 
duction of 0.4 to 0.7 mg. of crystalline methyl- 
cholanthrene. The muscle and skin wounds are 
closed separately by interrupted silk sutures, 
Healing is complete after 2 weeks; loss of the 
urostyle causes the animal no inconvenience. 

A total of 111 frogs was operated upon; an addi- 
tional 68 animals kept under similar conditions 
served as controls. 

RESULTS 

The results obtained are shown in table 1. Of 
111 experimental animals, 13 bore renal tumors at 
the time of autopsy; of 68 control frogs, 9 had 
The 
tumor incidence among the controls was 13.2 as 
compared with 11.7 percent in the frogs inoculated 
with methylcholanthrene. This incidence rep 
resents an unusually high tumor rate among the 
controls; in previous studies it had averaged 2 to 3 


adenocarcinomas of the kidney. average 


Methylecholanthrene in kidney 3 days after inoculation; the large rectangular spaces surrounded by nuclear 
There is an infiltration of lymphocytes and granulocytes; only 
an occasional macrophage is present. Several tubules are filled by a homogeneous hyaline substance. 


Hematoxylin- 
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TaBLE 1.—Incidence of renal tumors in frogs inoculated 


with methylcholanthrene 





Frogs 
inocu- 
lated 


Survival period (in days) Frogs with tumor 


Number Number Percent 
0-30 41 3 
31-90 40) 5 

5 


31-120 30 


n OO 


oO 
». 6 


1 
1 


Total 111 13 11.7 





percent. However, both the control and experi- 
mental animals used in the present study were 
obtained from the same dealer during all seasons of 
the year. The sampling was a fair one with little 
possibility that a special strain was inadvertently 
Approximately 95 percent of the frogs in 
both groups were males. Tumors were found only 
Lucké (9) showed that the renal 
neoplasm occurs with equal frequency in both 
sexes. The use of such a preponderance of males 
was necessitated by their availability. 


used. 


in this sex. 
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Figure 2.—Proliferation of connective tissue 13 days 

after inoculation. Some of these cells have assumed the 
role of tissue macrophages and appear as nests of large 
pale-staining epithelioid cells. 
stain. XX 150. 


Hematoxylin-and-eosin 


One-third of the inoculated frogs died during the 
first month; three of them had tumors of one or 
both kidneys. Death was due to infection with 
Proteus hydrophilus, an epizootic disease commonly 
known as “red leg.”” The cause for the lower 
tumor incidence among frogs dying during the first 
month after inoculation may be sought in the fact 
that stock animals in which tumors were found at 
the time of operation, were not used. Three 
animals were discarded for this reason. Tumors 
in frogs that died during the first 30 days were 
therefore limited to lesions which at the time of 
operation had escaped detection, either because 
they were in inaccessible regions or because they 
were too small to be visible. Such an initial 
selection was not carried out in the control group, 
and in this the tumor incidence remained the same 
for the duration of the experiment. 

The animals exhibited no toxic effects attribut- 
able to the carcinogen although the chemical had 
been introduced directly into the kidney and a 
few crystals often escaped into the retroperitoneal 
spaces. Areas of necrosis occasionally observed 
in the spleen and liver were due to Proteus hydro- 
philus septicemia. This is in contrast with the 
findings of Skapier (12), who painted the skin of 
100 toads with a solution of benzpyrene or methyl- 
cholanthrene in oil. All the animals died within 
15 to 25 days due to cachexia, attributed by the 
author to the toxicity of the carcinogenic sub- 
stances. Duran-Reynals (7) left the question of 
a toxic effect undecided. He observed changes in 
treated frogs that closely resembled those found 
in the animals dead of red leg. 

For the first 3 to 5 days after operation the 
microscopic appearance of the inoculation site was 
dominated by focal hemorrhage and necrosis due 
to trauma. In the center of this area were square 
and needle-shaped spaces (fig. 1). These repre- 
sent crystals of methylcholanthrene that were dis- 
solved out during preparation of the slide. That 
the chemical is actually present at this and later 
stages was proved by observing the strong fluo- 
rescence of the crystals in frozen sections examined 
by ultraviolet light. 

After healing of the renal injury due to the 
trauma of inoculation, proliferation of fibroblasts 
about the methylcholanthrene continued and in 
some cases might be sufficiently cellular to suggest 
a neoplastic change (fig. 2). However, examina- 
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dence of malignancy. In these early stages of the 


tion of the cellular detail failed to reveal any evi- ¥ 


= — 


development of the lesion, there was an associated ; 
infiltration of lymphocytes and eosinophilic gran- ' 
ulocytes. During the second week tissue macro- ) 
phages played an increasingly prominent role. 
They have an abundant, pale-staining cytoplasm, 
a large nucleus, and well merit the name “epithe- 
lioid cells”; for when closely packed, they are 
sharply outlined and may readily be mistaken for 
the renal tubular epithelium (fig. 3). 

Proliferation of the tubular epithelium was in- 
dicated by the occasional occurrence of mitotic 
figures. In proximity to the methylcholanthrene 
the cytoplasm of the epithelial cells became 
distinctly basophilic and the chromatin more 
finely dispersed in the nucleus. Rarely an epithe- 
lial cell was found which was two to three times its 
normal size and had one or two large, irregularly 
shaped nuclei with prominent nucleoli (fig. 4). 
These changes, however, were not progressive; 


- 
a 
7 





i 

Figure 4.—Two giant cells from the tubular epithelium; Fiat 
one has two large nuclei, the nucleoli are prominent. ol 
Animal died 14 days after inoculation. Hematoxylin- p! 


and-eosin stain. X 400. 


and although occasional tubules were occluded by 
proliferated epithelial cells, dilatation and papillary 
formation did not occur. 

Squamous-cell metaplasia of the columnar 
epithelium lining the collecting ducts was found in 
three animals (fig. 5, A and B). Two of the frogs 
belonged to the same operative group and had 
died of red leg 106 days after inoculation. The 
third animal survived 114 days. 

During the first 2 to 3 weeks after operation & 
pink-staining hyaline substance, probably albumin, 
was found in Bowman’s capsule and the associated 
tubules of the injured area. Subsequently the 
glomeruli were obliterated, either by overgrowth of 
connective tissue or by proliferation and hyaliniza- 
tion of the capsular epithelium. The tubules and 
glomeruli adjacent to the region of reaction re- 
mained normal. 
inoculation of carcinogen. Note resemblance to prolif- In animals that survived several months — — 
erated epithelium of renal tubules. Hematoxylin-and- operatively a 3-to-7-mm. grayish white mass was a 
eosin stain. X 250. often found protruding above the surface of the ne 





Figure 3.—A solid mass of epithelioid cells surrounded 
by a narrow band of connective tissue; 105 days after 
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Ficure 5.—Squamous-cell metaplasia. 


proliferation in wall of large collecting tubule. 





FicurE 6.—Posterior (dorsal) surface of both kidneys 
showing a 6-mm. nodule of granulation tissue arising 
from the lower pole of left kidney. Frog lived 106 
days after inoculation.  X 3. 


Both animals survived 106 days after incoulation. 
one of which encloses cellular debris containing crystals of methylcholanthrene. 





A, Two areas of metaplasia, 
B, Extensive metaplasia and epithelial 


Hematoxylin-and-eosin stain. X 125. 


kidney at the site of inoculation (fig. 6). On 
histological examination it was found to consist of 
fibrovascular tissue infiltrated by lymphocytes and 
macrophages, the latter sometimes arranged as 
tuberclelike nests of epithelioid cells. Within 
these cell nests square and needle-shaped spaces 
might be seen, indicating that crystals of methyl- 
cholanthrene were still present. This granuloma 
represented the maximum proliferative response of 
the tissues to the carcinogen. Subsequently 
dense bundles of collagenous tissue were deposited, 
and the inflammatory cells disappeared. 

The neoplasms found in 13 of the experimental 
animals were histologically identical with those 
found in the control series (fig. 7). Nuclear in- 
clusions similar to those described by Lucké (9) 
were seen in several tumors in both groups of 
frogs. Only once was a tumor found in apposi- 
tion to the area of fibrosis surrounding crystals 
of methylcholanthrene. In this instance, the ani- 
mal had survived 154 days after inoculation. The 
operative site in the left kidney was reduced to a 
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Typical histological pattern of renal adenocar- 
Methylcholanthrene was 


FicuRE 7. 
cinoma in the leopard frog. 
inoculated into the left kidney 106 days before death. 
At autopsy a 1.5 x 1.0 x 1.2 em. tumor was found in the 


right kidney. Hematoxylin-and-eosin stain. >» 125. 
hyaline sear, but in the adjacent inter-renal con- 
nective tissue was a mass of methylcholanthrene 
In contact with 
this was an adenocarcinoma that extended through 
the whole thickness of the right kidney (fig. 8). 
The carcinogen was always placed in the lower 
pole of the left kidney. Nevertheless, in six 
animals the tumors were bilateral, in four they 
were found only in the right kidney, and in the 
remaining three cases the tumors were limited to 
the left kidney. <A similar distribution was noted 
among the nine tumor-bearing frogs in the control 


surrounded by a fibrous capsule. 


group. 


DISCUSSION 


One purpose of this study was to determine the 
effect of methylcholanthrene upon an organ in the 
frog that is known to be the site of spontaneous 
tumors. The results indicate that even under 
these circumstances the tissues of the frog fail to 
That the tumors observed 
were not induced by methylcholanthrene is shown 
by their occurrence, with one exception, at con- 
siderable distance from the carcinogen either in the 
same or contralateral kidney and by an equal 
incidence of tumors in the control series. 

The second aim of these experiments was to 
determine whether methylcholanthrene might 
activate a virus believed to be present in the renal 
epithelium of most leopard frogs. However, the 
chemical failed to induce neoplasia even when placed 
in an organ which subsequently developed a spon- 
taneous tumor that contained intranuclear in- 
clusions. The proponents of the theory that car- 
cinogens act only through a virus already present 
in the tissues might claim that these data support 
their view and that the failure of methylcholan- 
threne to act as a carcinogen is due to its inability 
to activate the virus. 


become neoplastic. 


SUMMARY 


Approximately 0.4 to 0.7 mg. of methylcho- 
lanthrene was introduced into the lower pole of 
the left kidney in 111 leopard frogs. 

The tissues of the kidney responded to the 
presence of the carcinogen by the formation of a 
well-circumscribed granuloma, which occasion- 
ally formed a tumorlike mass 3 to 7 mm. in di- 
ameter. 

Renal adenocarcinomas were found in 13 of the 
experimental animals. 
the text, it is believed that these were spontaneous 
tumors not dependent for their inception on the 
carcinogen. 

No evidence was obtained for the activation of 
a carcinogenic virus by the methylcholanthrene. 


For reasons discussed in 
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Figure 8.—On the left is a hyalinized sear in lower pole of left kidney. Between it and the right kidney is a mass of 
the methylcholanthrene and cellular debris enclosed by a connective tissue capsule. 





An adenocarcinoma of the right 
1 j kidney is in intimate contact with this capsule. Hematoxylin-and-eosin stain. X 80. 
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DELAY IN THE APPEARANCE OF PALPABLE MAMMARY TUMORS IN C3H MICE 
FOLLOWING THE INGESTION OF POLLENIZED FOOD ! 


By Witi1aM Rorinson, United States Department of Agriculture, Agriculture Research Administration, Bureau of Entomology 
and Plant Quarantine 


INTRODUCTION 

In some preliminary experiments, it was ob- 
served that the addition of pollen to the food of 
female mice of the C3H strain delayed the appear- 
ance of spontaneous mammary tumors 8 to 10 
weeks. However, certain factors known to influ- 
ence the age at which mice develop tumors were 
not suitably controlled. Another series of experi- 
ments was therefore carried out, as described in 
this report, with more adequate precautions to 
control those factors. 


MATERIALS AND METHODS 


The mice were reared from a subline of the 
C3H strain developed by Andervont (1). The age 
at which mice of this strain, when maintained as 
breeders, developed palpable tumors ranged from 
18 to 57 weeks, with an average of 33 weeks; and 
the tumor incidence was 100 percent. 

The cages were 1-gallon glass provision jars 
with wire-mesh tops. <A piece of paper toweling 
was used on the bottom of the jar to catch spilled 
food. A raised floor of four-to-the-inch gal- 
vanized wire-mesh and with 1-inch legs was next 
placed in the cage. One female per cage was used 
throughout the tests. 

The food was Purina Laboratory Chow, ground 
to powder form in a food grinder. It was fed to the 
mice in 2-ounce squat ointment jars with a 1-inch 
hole made in the caps. A circular piece of screening 
containing four meshes to the inch was placed 
between the food and the cap to prevent waste. 
Water was supplied from inverted water bottles, 
with rubber stopper and glass tube. 

The food jar held 43 gm. of food, which was 
enough for a mouse for 1 week. This amount was 
weighed out for each jar. The jars were changed 
weekly, and the food uneaten and spilled was 
weighed and recorded. 

The pollen was supplied by the Division of Bee 
Culture, of the Bureau of Entomology and Plant 
Quarantine, and was the bee-gathered type. Bees 





' Received for publication May 11, 1948. 


gather pollen from many species of plants as an 
essential food for their young. They carry it into 
the hives in pellet form, about 100 to the gram, and 
each pellet contains about 500,000 pollen grains. 
The pellets are recovered by means of a trap (2) 
which causes the bees to drop the pellets into a 
container. In this way about 30 pounds of pellets 
can be obtained annually per hive. The pollen 
used was collected in Wisconsin and California. 
It was mixed and stored at a temperature of about 
4°C. 

The pollen was prepared for use by grinding 1 
gm. of pellets in a mortar with 50 ml. of distilled 
water, a small amount of the water being used at 
first to form a thin paste, and the remainder was 
then added. For the sake of uniformity, this stock 
suspension was used within one-half hour of grind- 
ing to avoid the possibility that extraction would 
take place. 

The food was pollenized as follows: 6 pounds of 
powdered food was placed in a large food mixer. 
The required amount (to be discussed) of pollen 
suspension was drawn up into a graduated pipette. 
Because the suspension settles rapidly, it had to 
be stirred while being drawn up. It was then 
emptied into a cylinder and made up to 50 ml. with 
distilled water. The same pipette was used in 
adding the extra water. The pollen grains that 
might remain on the sides of the cylinder were 
washed out into the food when the additional 
water was added. The contents of the cylinder were 
then slowly added to the food while the mixing 
was in progress. 

The food for the control animals was treated in 
the same way except that no pollen suspension was 
used. That is to say, 50 ml. of distilled water 
alone was added, by means of another cylinder 
that never had contained pollen. The amount of 
water added to these foods was not large enough 
to require drying out. The foods were then placed 
in plainly marked, closed containers and were 
ready for use. 

Every piece of equipment used in pollenizing 
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the food was thoroughly washed. All cages, food 
containers, water bottles, and other equipment 
were given distinguishing marks; and those for the 
test and control series were kept separate. 

The amount of pollen suspension to*be used to 
obtain a maximum postponement of the appear- 
ance of palpable tumors has not yet been deter- 
mined. In earlier tests the potency of the mixed 
species of pollen seemed to vary from year to vear. 
This variation is understandable, as there is 
no strict uniformity in the lots of pollen received. 
Each year a fresh lot was used, lest its potency 
might decrease with age. In the earlier experi- 
ments some delay in the appearance of tumors 
was noted also with corn pollen collected by hand. 
Such pollen can be procured in quantity and pure 
as to species and even to variety. 

In some previous tests, when 36 ml. of stock 
suspension, called the T; concentration, was used 
and the food so pollenized was fed to the mice 
continuously from the time of weaning, 90 to 95 
percent of the treated mice developed tumors at 
about the same time as the controls, the tumors 
in the remaining mice appearing a few weeks later. 
When the feeding of the same concentration was 
started when the mice were 12 weeks of age and 
was given 1 day a week, an average delay of 7 to 
8 weeks in the appearance of tumors was observed. 

This finding indicated that the dosage of pollen 
could be made too strong or that the pollen feeding 
might be started too early, and could thus nullify 
the postponement effect. Therefore, in the ex- 
periment reported herein one series was set up to 
repeat the overdosage effect, while in another the 
mice were given the weaker treatment. 

In these tests, litters with three females were 
used. One litter mate was placed in the overdose 
series, labeled “A,’”’ another in the weaker con- 
centration series, labeled “‘P,” and the third litter 
mate, which served as a control for both was 
labeled “C.” Forty-seven such sets of litter 
mates were available for the work. 

The pollen was of the 1946 season, and the 36- 
ml. dosage of stock suspension was used with the 
standard 6 pounds of food. This pollenized food 
was given to the A series from the time of weaning 
and was fed continuously. It provided a strong 
dosage of 1 part of pollen to about 3,800 parts of 
food. For the P series, the weaker dosage to be 


used was expected to produce some inhibition of 
tumor as in the past. At first the treatment con- 
sisted in supplying the same pollenized food but in 
giving it only 1 day each week and beginning at 
the twelfth week. The remainder of the time the 
animals received unpollenized food. This treat- 
ment provided a weekly dosage of 1 part of pollen 
to 26,600 parts of food, one-seventh that in the 
overdose series. 

Early indications, however, were that this 
amount of pollen was too great to produce the 
former postponement effect in the P series. There- 
fore, the weekly dosage was decreased to 1 part in 
120,000 parts of food, by making up a pollenized 
food with 8 ml. of stock suspension and giving it 
1 day a week. 

At the time this change was made, the younger 
mice in the P series had received one to three 
weekly treatments with the stronger concentra- 
tion, and the older ones about four to six treat- 
ments. Admittedly a change in dosage of pollen 
during the course of the experiment represents an 
undesirable feature of the experiment; however, 
early indications suggested that a weaker pollen 
diet was more likely to result in postponement of 
tumors. 

Throughout their life the mice were weighed 
weekly on scales accurate to 0.1 gm. The food 
also was weighed and the amount eaten each week 
recorded. As soon as estrus began, a vaginal 
smear of each mouse was made each morning 
except Sunday, and the smears were examined 
microscopically for presence of cornified cells. 
If no difference should be observed between con- 
trols and treated animals, the smears were to be 
repeated daily for 2 weeks out of each 6-week 
period until the mice were 6 months old. 

All the mice were bred, as it was believed at the 
time that the overdosage effect was greater in 
breeders than in virgins. Therefore, when the 
females were 8 weeks old a male about 2 weeks 
older was placed in each cage and left there until 
the female became pregnant. The litters were 
nursed 1 week and then destroyed. 

When the animals reached 18 weeks of age, they 
were examined weekly for palpable tumors. The 
tumors were allowed to develop for 4 weeks and 
then removed and fixed in 10-percent formalin. 
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RESULTS 

Particular attention had been given in this 
experiment to the weight of the treated animals, 
since underweight can in itself bring about a delay 
in tumor development. No decrease in weight 
occurred, however, in the animals receiving the 
pollenized food. Instead, a slight but fairly 
uniform increase was noted, possibly due to a 
nutritional factor in pollen. This increase is in 
agreement with the work of Vivino and Palmer 
(3), who investigated the chemical composition 
and nutritional value of pollens collected by bees. 
They found that bee-gathered pollens from dande- 
lion, certain fruits, clovers, and fall flowers had a 
“high nutritive value’? when fed to rats. 

The average weights of the animals are shown in 
table 1. After the animals were 34 weeks of age, 
there were too few complete sets of three litter 
mates, tumor-free, left to get a representative 
average weight. The rise and fall in weights 
between the tenth and eighteenth weeks were due 
to pregnancy and lactation. 

The amount of food eaten showed no significant 
difference in the three series. 
per week for each mouse. 


It was about 35 gm. 
Mice will eat pollenized 
as readily as plain control food. They will eat 
cakes of pure pollen. No preference has been 





detected. 
[aBLE 1.— Average body weights of three series of litter-mate 
mice 
aoe Mice in Controls Postpone- | Overdose 
each series (C ment (P) (A) 
Weeks Number Grams Grams Grams 
4 47 15.0 15.0 
5 47 15.6 15.7 
6 47 16.8 17.1 
7 47 18.0 18.6 
8 47 18.8 19.6 
9 47 20.4 20.7 
10 46 22.9 23.8 
ll 45 24.7 26.5 
12 43 26.7 27.8 
13 43 26.6 27.0 
14 42 26. 2 26. 4 
15 41 26. 2 26.1 
16 41 25.6 26.0 
17 41 25.0 25.9 
18 40 25. 2 25.9 
19 40 25.4 25.9 
20 39 25.4 26. 1 
21 39 25.5 26. 2 
22 37 25.8 26.5 
23 35 26. 2 26.7 
24 33 26.4 27.0 
25 30 26.5 27. 
26 28 27.0 27.6 
27 22 27.1 27.9 
28 20 27.2 2.5 
29 19 27.4 28.46 
30 17 27.4 28.9 
31 16 27.9 29.6 
32 16 28.0 29.9 
33 15 28.5 30.0 
34 15 28.8 30.3 














Since a disturbance of the hormonal factors can 
affect the time at which mammary tumors develop 
and since such disturbances may be indicated by 
alterations in the estrus cycle, the frequency of 
estrus was also noted. The daily examinations 
showed no difference in the time of estrus be- 
tween the treated and the control animals, the 
cycle occurring usually 5 days apart in the three 
series. The litters were born when the mice were 
between 11 and 15 weeks old, the average being 
12.4 weeks for the controls and 12.5 weeks for each 
of the two treated series. The number of young 
in the litters ranged from four to eight, with an 
average of 5.7 for each series. 

The ages at which tumors appeared are sum- 
marized in table 2. They are also shown in figure 
1 for each animal. Of the 47 mice in each series, 4 
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Figure 1.—Ages at which tumors appeared in the three 
series of mice. Large dots indicate tumor-free mice at 
termination of the tests. 


of the controls and 2 in the P series died of diarrhea 
before the tumor age, but none of the A’s were 
affected. All the control animals developed 
mammary tumors, the earliest being at the age of 
21, the latest at 46 weeks, and the average, 31.3 
weeks. 


TABLE 2.— Age al which tumors appeared in the three series 
of mice, and postponement in treated animals 





| Tumor-free 





Age of mice Delay in no 

pe — ——— a tumor | mice at 
Series ieee develop- jtermination 
Earliest | Latest wera ment lof tests (56- 

tumor | tumor | “Vere 62 weeks) 

Weeks Weeks Weeks Weeks Number 
Controls (C)! 21 46 31.3 | 0 0 
Overdose (A) 2B 248 232.4 21.1} 3 
Postponement (P)! 18 253 241.1 29.8 | 7 

| 





! Statistical analysis shows that the difference between the P and C series 
could have occurred by chance less than | time in 1,000. 
2 Does not include the tumor-free mice listed in the last column. 








122 


ce JOURNAL OF THE NATIONAL CANCER INSTITUTE 


At the expiration of the time allotted to the 
experiment, three mice in the A series were still 
tumor-free at ages ranging from 56 to 61 weeks. 
The remainder of the A’s contracted tumors 
between 23 and 48 weeks. 

In the postponement series, tumors began to 
appear even earlier than in the control or over- 
dose series, rather than being delayed as in 
previous experiments, one tumor appearing at 18 
and another at 20 weeks of age. It might be 
noted, however, that although these tumors were 
unusually early, the litter mates of these mice 
which were included in the C series developed 
tumors 10 weeks before the average of all the 
mice in the C series, while in the A series the litter 
mates developed tumors 5 weeks before the 
average of all the mice in the A series. 

Since a new lot of pollen, the 1946 crop, had 
been used in this experiment, it was assumed 
that its potency was too great to produce the 
former inhibition of tumor development when 
given at the T; strength and under the conditions 
of the P series. Therefore, since the treatment 
had only just begun for many of the younger 
mice, the dosage for this series was decreased at 
once, and the concentration was changed as 
described under Materials and Methods. 

Following this change, no more tumors appeared 
for 11 weeks, the next to develop being at the age 
of 31 and the latest at 53 weeks. The average, 
including the first two which came early under 
stronger treatment, was 41.1 weeks. The seven 
mice that were tumor-free at the expiration of the 
test were between 56 and 62 weeks of age. 


DISCUSSION 


This work was an outgrowth of an investigation 
on the healing effect of maggots in human wounds. 
At that time, a study was made of the means by 
which maggots promote healing in chronic puru- 
lent wounds, and two metabolic products, urea 
and ammonium bicarbonate, found to be excreted 
by maggots into the wounds (4, 4), aroused 
special interest. Later the use of pure solutions 
of these substances stimulated healing in indolent 
wounds similar to that induced by maggots. This 
treatment appeared to promote cell proliferation 
in the granulation tissue of the healing wounds. 

Since urea occurs in all the tissues of the body, 
the question arose whether urea is an excretory 


product only or whether it might not be used by 
the tissues in the normal processes of growth and 
repair (6), also whether a perversion of that fune- 
tion might not occur in cancer. Information 
found in the literature supported a postulation 
that such a disturbance was possible. Briefly, 
this study led to a hypothesis that the perversion 
might be prevented by supplying the tissues with 
an active principle tentatively called “C. U, 
Catalyst” and postulated to be present in the male 
gametes of plants and animals. It was further 
postulated that this active principle is accessible 
if utilized before fusion with the female counter- 
part. 

In the preliminary tests, an apparent delay in 
the development of mammary tumors occurred 
in mice ingesting small amounts of pollen (the 
male gamete of plants being used because of avail- 
ability). The work, however, was not set up to 
control some important variables which can affect 
the development of spontaneous mammary tu- 
mors. Anotherseriesoftests was, therefore, carried 
out as described, and a delay in tumor development 
again appears in the postponement or P series.’ 

When pollen grains were stained with gentian 
violet and added to the food, they appeared under 
microscopic examination in the feces of mice 2 
hours after ingestion. Since the thickness of the 
exine, or outer covering, of pollen varies with 
different species, it is possible that extraction of 
active principle in the alimentary tract might vary 
with different species in that short time. Corn 
pollen, which can be obtained pure as to species 
and variety, has a light exine that is easily rup- 
tured in preparing the water suspension. For 
maximum tumor inhibition, the use of extracted 
and standardized active principle might be neces- 
sary. 

SUMMARY 

An experiment is described in which pollen was 
added to the food of mice of the C3H strain, to 
repeat an earlier test wherein such treatment had 
resulted in an apparent delay in the development 
of mammary tumors. 

Three series of litter-mate mice were set up. 
One series, the controls, was fed only unpollenized 
food. The second series was given an overdose 
or excess of pollen, which formerly had brought 


2 The help of Dr. Andervont and Dr. Morris, of the National Cancer In- 
stitute, in designing this experiment is gratefully acknowledged. 





abou 
givel 
earlic 
in tu 

In 
appe 
tume 
series 
week 
61 wi 
the | 
week 
mice 


(1) A 


(3) Vi 


by 
nd 
1C- 
on 
on 
ly, 
ion 
ith 
U, 
ale 
her 
ible 
ter- 


7 in 
Ted 
‘the 
rail- 
» to 
Tect 

tu- 
ried 
nent 


“Ka 
tian 
nder 
ce 2 
f the 
with 
m. of 
vary 
Corn 
ecles 
rup- 
For 
acted 


1eces- 


n was 
in, to 
t had 
yment 


t up. 
enized 
erdose 
ought 


ancer In- 





DELAY IN APPEARANCE OF TUMORS IN MICE INGESTING POLLENIZED FOOD 123 


about no postponement. The third series was 
given a much milder treatment, which in the 
earlier experiments was accompanied by a delay 
in tumor development. 

In the untreated mice, mammary tumors 
appeared at an average of 31.3 weeks, and the 
tumor incidence was 100 percent. In the overdose 
series, the tumors developed at an average of 32.4 
weeks, three mice being tumor-free at 56 to 
61 weeks of age at the expiration of the tests. In 
the postponement series the average was 41.1 
weeks, a delay of 9.8 weeks being obtained. Seven 
mice in the postponement series were still tumor- 


free at 56 to 62 weeks of age, when the tests 
were terminated. 

These results indicate that under suitable 
conditions the development of mammary tumors 
in the C3H mice can be influenced by ingestion 
of pollenized food. It is suggested that the 
use of extracted and standardized active principle 
from pollen might produce greater postponement. 

These experiments were based upon the postula- 
tion that pollen contains an anticarcinogenic 
principle that can be added to the food. 

The technique used in pollenizing the food and 
in running the tests is described in detail. 
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ACYLPYRUVASE ACTIVITY OF CERTAIN NORMAL AND NEOPLASTIC TISSUES ! 


By ALTon MEISTER, senior assistant surgeon, National Cancer Institute, National Institute of Health, United States Public 
Health Service 


INTRODUCTION 


The enzymatic hydrolysis of acylpyruviec acids 
(2.4-diketo acids) yielding pyruvic acid and the 
corresponding fatty acid was described in a pre- 
yious communication (1). This reaction which 
occurs rapidly with extracts of liver and kidney, 
may be represented as follows: 


H,0 
RCCH,CCOOH ——~ RCOOH+CH;CCOOH 


oO Oo 18) 


The term “‘acylpyruvase”’ was’ proposed for the 
enzyme or enzymes which catalyze this reaction. 
Acylpyruvase activity may be determined trom 
the rate of appearance of pyruvate or the rate of 
disappearance of the characteristic ultraviolet 
absorption at 2950A of the 2,4-diketo acid. Of 
the animal tissues studied, only liver and kidney 
exhibit appreciable enzymatic activity. Acylpy- 
ruvase activity has been found to occur in the 
liver and kidney of the rat, mouse, cat (/), guinea 
pig, and man.’ extracts of normal 
rat liver and kidney and a partially purified 
acvlpyruvase preparation obtained from rat liver 
were found to hydrolyze a series of 10 aliphatic 
and 2 aromatic 2,4-diketo acids. The possible 
significance of this reaction in relation to inter- 


Aqueous 


mediary metabolism was discussed previously (/). 

It was noted early in this investigation that 
24-diketovalerate (acetopyruvate) accelerated 
the desamidation of glutamine in extracts of 
normal rat liver to about the same extent as did 
pyruvate (2). However, when these experiments 
were carried out with primary rat hepatoma, it 
was found that although glutamine desamidation 
was accelerated by pyruvate, no significant effect 
occurred with 2,4-diketovalerate. The inability 
of 2,4-diketovalerate to increase the desamida- 
tion of glutamine in extacts of primary rat hepa- 
toma is apparently due to the low acylpyruvase 
utivity of this tissue. The present report deals 
with the acylpyruvase activity of several normal 
and neoplastic tissues. 





Received for publication July 19, 1948. 
*Unpublished data. 


EXPERIMENTAL PROCEDURE 


The normal aliphatic 2,4-diketo acids contain- 
ing 5 to 11 carbon atoms and 2,4-diketo-4-phenyl- 
butyric acid were employed in the present studv. 
These were prepared as the ethyl esters by the 
general procedure of Claisen and Stylos (3) and 
converted to the disodium salt of the correspond- 
ing 2,4-diketo acid as previously described (1). 

Primary hepatomas were induced in Osborae- 
Mendel rats by feeding p-dimethylaminoazoben- 
zene. Mice of the A strain bearing hepatoma 
112B (chloroform-induced transplanted hepatoma) 
were supplied by Dr. A. B. Eschenbrenner. Strain 
C mice bearing transplanted hepatomas induced 
with azotoluene were supplied by Dr. H. B. 
Andervont. Normal Osborae-Mendel rats and 
A and C strain mice were employed. 
ficant between the liver 
acylpyruvase activity of the two strains of mice. 

The animals were killed by decapitation or cer- 
vical dislocation followed by exsanguination. The 


No signi- 
difference was fouad 


fresh tissues were ground with 3 to 12 volumes of 
distilled water in the Potter-Elvehjem homo- 
genizer (4). The homogenates were incubated 
with an equal volume of borate buffer contaiming 
substrate at 37°. Following incubation the mix- 
tures were deproteinized with trichloroacetic acid 
aad analyzed for pyruvate (5), or diluted with 0.1 
N sodium hydroxide and read against an extract 
blank in the Beckman D. U. spectrophotometer at 
2950A. Controls with 
homogenate alone were employed. 


alone and 
Details of 
these procedures were previously described (1). 


substrate 


RESULTS 


A comparison of the acylpyruvase activity of 
normal adult liver, fetal liver, and primary hepa- 
While the 
activity of fetal liver was approximately 50 per- 
cent of thet of adult liver, the activity of primary 
hepatoma was only about 6 percent of its tissue of 
origin. Similar data were obtained when 2,4- 
diketocaprate was employed as the substrate. 
Pyruvate itself is not rapidly metabolized 

125 


toma of the rat, is given in figure 1. 
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Acylpyruvase activity of normal adult liver, 
fetal liver, and primary hepatoma of the rat. Data 
were obtained with 1 ec. tissue homogenate and | ce. of 
0.15M borate buffer at pH 7.3 containing 68 micromoles 
of disodium 2,4-diketovalerate. 





Figure 1. 


under these conditions. Recovery of added 
pyruvate was between 90 and 100 percent. Hepa- 
tic tissue which appeared normal on gross examina- 
tion was obtained from areas adjacent to primary 
hepatoma and was found to possess normal levels 


of acylpyruvase activity. 





TABLE 1.—Acylpyruvase activity of several normal and 
neoplastic tissues ! 
Number Acylpyruvase 
Tissue of ani- 
mals Range | Mean 
Normal rat liver 6 501-606 570 
Primary rat hepatoma 4 27- 47 33 
Normal mouse liver 11 791-975 878 
Transplanted mouse hepatoma 112B 7 162-342 260 
Livers of mice bearing hepatoma 112B 6 824-942 900 
Transplanted mouse hepatoma (azotoluene- 
induced) 6 247-335 304 
Livers of mice bearing azotoluene-induced 
hepatoma 5 753-894 Sil 





! Values expressed as micromoles < 100 of substrate hydrolyzed per hour 
per milligram homogenate nitrogen. Data were obtained with 0.2 cc. homo- 
genate and 0.2 cc. of 0.15M borate buffer at pH 7.3 containing 0.688 micro- 
mole of disodium 2,4-diketovalerate. Incubated for 2 to 20 minutes at 
37°. Substrate disappearance was determined spectrophotometrically. 


Studies on mouse hepatomas yielded data 
qualitatively similar to that obtained for rat 
hepatoma, i. e., the hepatomas exhibited con- 
siderably lower activity than did normal mouse 
liver (table 1). However, the difference was only 
about threefold for the mouse tissues as compared 
with approximately seventeenfold for rat hepa- 
toma. Experiments in which mixtures of hepa- 
toma and normal liver were studied yielded 
additive results. The acylpyruvase activity of 
the livers of mice bearing hepatoma 112B and the 
azotoluene-induced hepatoma within the 
range of normal mouse liver. 

The acylpyruvase activity of normal mouse 
liver and hepatoma 112B with respect to several 
2,4-diketo acids was investigated. The activity 
of the hepatoma was approximately 30 percent of 
that of normal mouse liver for each of the sub- 
strates (table 2). 


was 


TaBLE 2.— Hydrolysis of 2,4-diketo acids by normal mouse 


liver and mouse hepatoma 112B! 





Micromoles _ pyru- 
vate formed per 
hour per milli- 
gram tissue nitro- 
Substrate pH gen. 


Normal Hepa- 


liver toma 
2,4-Diketovalerate 7.3 20.8 6.88 
2,4-Diketohexanoate 7.6 36.4 10.7 
2,4-Diketoheptanoate 7.6 9.12 2.92 
2,4-Diketooctanoate 8.3 5. 66 2. 24 
2,4- Diketononanoate &.3 9. 50 2.92 
2,4-Diketocaprate 8.3 8.44 2.4 
2,4-Diketoundecylate 8.3 6. 18 1. 87 
2,4-Diketo-4-phenylbut yrate 7.8 . 379 . 088 





! Data were obtained with 0.5 cc. tissue homogenate and 0.5 ce. of 0.15M 
borate buffer containing 34 micromoles of substrate. Aliphatic substrates 
incubated for 5 minutes; 2,4-diketo-4-phenylbut yrate incubated for 1 hour. 


DISCUSSION 

It appears that 2,4-diketo acids are hydrolyzed 
at appreciably slower rates by neoplastic hepatic 
tissues than the normal tissues of origin. This 
difference is greater for primary rat hepatoma 
than for the two transplanted mouse hepatomas 
studied. Fetal rat liver also possesses a lower 
capacity to hydrolyze acylpyruvic acids. The 
relative rates of the hydrolysis of the normal 
aliphatic 2,4-diketo acids were about the same in 
normal mouse liver and in transplanted mouse 
hepatoma 112B. However, these rates differ from 
those obtained for normal rat liver (1). The 
possibility of the existance of more than one 
acylpyruvase remains to be investigated. 
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ACYLPYRUVASE ACTIVITY OF NORMAL AND 


The finding of low acylpyruvase activity in 
neoplastic hepatic tissues as compared with the 
normal tissues of reference is consistent with the 
observation of Greenstein (6) based upon study of 
a large number of enzymes, of the association of 
neoplastic change with a marked decrease or loss of 
specific functional activities. 


SUMMARY 


The hydrolysis of 2,4-diketo acids by aqueous 
homogenates of normal adult liver, fetal liver, and 
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primary hepatoma of the rat, and by normal‘mouse 
liver, and two transplanted mouse hepatomas was 
investigated. The enzymatic activity of the neo- 
plastic tissues was considerably lower than that. 
of the corresponding normal tissues. This differ- 
ence was approximately seventeenfold for the rat 
hepatoma, and threefold for the mouse hepatomas. 
The relative rates of hydrolysis of a series of seven 
normal aliphatic 2,4-diketo acids and 2,4-diketo- 
4-phenylbutyric acid by normal mouse liver and 
mouse hepatoma 112B were about the same. 
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